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PREFACE 


This  treatise  has  been  prepared  to  meet  an  insistent  demand 
from  motor  truck  owners,  users  and  drivers,  especially  those  charged 
..ith  their  operation  and  mechanical  care,  for  a  complete  text-book 
f  n  this  subject  that  would  outline  the  principles  on  which  trucks  of 
various  types  operate.   This  exposition  not  only  considers  construc- 
)  tion  and  operation  of  all  leading  types  of  gasoline  and  electric 
J  trucks,  but  also  gives  valuable  data  on  systematic  maintenance  and 
cost  system  that  will  be  valuable  to  those  charged  with  the  respon- 
sibility of  operating  truck  fleets  economically  and  efficiently. 
It  is  the  intention  of  the  writer  to  cover  the  fundamental  facts 
'  and  principles  of  commercial  vehicle  construction  briefly  and  in  a 
j  non-technical  manner.    It  is  not  offered  to  the  reader  as  a  scientific 
j  or  engineering  treatise,  though  all  statements  made  will  bear  the 
light  of  scientific  investigation,  but  as  a  compilation  of  practical 
i  information  on  truck  construction,  operation,  maintenance  and  re- 
pair that  would  be  of  value  to  just  that  class  of  practical  mechanic, 
truck  driver  and  executive  who  wants  a  technical  subject  treated 
from  an  everyday  standpoint.    When  so  treated  it  will  be  under- 
J  stood  without  requiring  that  research  and  mathematical  exposition 
that  is  the  delight  of  the  technician,  but  the  bane  of  the  busy  man 
seeking  only  information  he  can  use  to  advantage  in  his  daily  work. 

Thorough  mastery  of  basic  principles  on  which  the  truck  mechan- 
ism operates  is  necessary  if  one  wishes  to  purchase  motor  vehicles 
intelligently  or  operate  them  economically.  Through  the  coopera- 
tion of  the  Service  Departments  of  the  leading  American  motor 
truck  makers,  the  author  has  been  enabled  to  present  considerably 
more  practical  operating  and  repair  data  than  is  usually  found  in 
a  treatise  of  this  character,  and  also  to  present  a  series  of  informa- 
tive drawings  and  photographs  such  as  have  never  before  been 
gathered  in  one  volume. 

Interesting  motor  truck  and  trailer  applications  have  been  pre- 
sented in  wide  variety,  and  the  various  types  of  special  purpose 
and  combination  body  designs  that  seem  to  have  most  merit  have 
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been  selected  from  the  mass  of  material  made  available  to  the  au- 
thor. The  essential  knowledge  that  is  needed  to  make  a  man  fully 
conversant  with  latest  commercial  vehicle  practice  is  presented  in  a 
logical  and  systematic  manner,  and  in  a  way  that  should  be  readily 
followed  by  anyone,  even  if  not  technically  inclined  or  mechanically 
experienced.  It  is  believed  that  this  volume  will  fill  a  demand 
that  has  long  existed,  and  that  it  merits  the  consideration  of  anyone 
interested  in  any  of  the  various  phases  of  modern  transportation 
over  the  highways. 

Victor  W.  Page. 

February,  1921. 
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THE  MOTOR  TRUCK 

CHAPTER  I 

MOTOR  TRUCK  TYPES 

Horse  and  Truck  Compared— Motor  Truck  Design— Wide  Range  of 
Models  Available — Statistics  of  Motor  Truck  Industry— Important 
Components  of  Modern  Trucks — Truck  and  Wagon  Construction 
Compared — Parts  of  Typical  Trucks  and  Their  Functions — Power 
Transmission  by  Shaft  Drive — Standard  Truck  Characteristics — 
Motor  Power  for  Various  Truck  Capacities — Typical  Truck  Designs 
— Body  Weight  Allowances — Body  Builder's  Dimensions  F.  W.  D. 
Truck — Standard  and  Special  Body  Designs — Special  Purpose  Bodies 
— Bus  Body  Designs — Dump  Bodies — Semi-tractor  Bodies — Tank 
Bodies — Five-in-one  Combination  Body — Four-in-one  Truck  Body — 
Gasoline  Industrial  Trucks — Electrically  Propelled  Industrial  Trucks 
—Ford  Truck  Conversion  Sets— Motor  Truck  Ability— Draw-bar 
Pull. 

The  motor  truck  has  been  used  in  every  country  of  the  world 
and  for  hauling  all  kinds  of  commodities.  For  certain  classes 
of  work  it  has  almost  entirely  replaced  horse  drawn  vehicles. 
It  is  not  only  popular  in  our  cities  but  its  use  is  becoming  gen- 
eral in  the  rural  communities  where  the  horse  reigned  supreme 
only  a  few  years  ago.  Motor  trucking  has  been  demonstrated 
to  be  cheaper  than  using  horses,  as  shown  definitely  by  figures 
presented  by  users  of  a  few  trucks  as  well  as  operators  of  large 
fleets.  Trucks  have  greater  radius  than  horse  drawn  vehicles, 
their  endurance  is  greater  because  they  are  machines  insensible 
to  climatic  conditions  instead  of  being  subject  to  all  the  ills 
horse  flesh  is  heir  to.  Trucks  are  not  free  from  trouble,  by  any 
means ;  they  get  out  of  repair  and  wear  out  in  service.  The 
troubles  are  easily  located,  however,  and  can  be  corrected  by 
mechanical  means,  while  the  depreciation  in  service  is  a  fixed 
charge  that  is  reckoned  in  the  operating  costs. 
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Horse  and  Truck  Compared— The  rate  oi*  travel  of  a  truck  is 
much  greater  than  that  of  a  horse  drawn  outfit,  its  radius  of 
action  three  to  five  times  as  great.  A  good  day's  work  for  a 
team  of  horses  is  twenty  miles,  the  average  rate  of  travel  is 
about  three  or  four  miles  per  hour  and  the  average  hauling 
ability  is  three  tons.  A  motor  truck  can  be  driven  100  miles 
in  a  ten-hour  day,  as  even  the  heaviest  vehicles  have  a  speed 
of  ten  miles  per  hour.  Its  hauling  capacity  may  be  six  to  ten 
tons,  or  twice  to  three  times  that  of  a  team  of  horses.  Mechani- 
cal means  may  be  employed  in  unloading,  the  engine  of  the  truck 
furnishing  the  power  for  a  quick  discharge  of  the  load.  This  is 
seldom  possible  with  animal  power.  Average  figures  indicate 
that  it  costs  about  twice  as  much  to  operate  a  five-ton  truck  as 
it  does  a  team  of  horses.  The  team  of  horses  will  do  sixty  ton- 
miles  work  in  a  day,  whereas  the  motor  truck  can  do  500  ton- 
miles  in  the  same  period.  Horses  can  only  be  used  a  certain 
period ;  a  truck  can  be  run  as  many  hours  per  day  as  conditions 
demand.  The  five-ton  motor  truck  would  be  as  economical  as 
a  team  of  horses  if  it  only  hauled  twice  as  much  material ;  actu- 
ally it  does  four  times  the  work  in  a  given  time.  When  not  in 
use,  it  costs  nothing  more  than  storage,  interest  on  the  invest- 
ment and  insurance  to  keep  a  truck.  With  draft  animals  it  costs 
all  of  these  items  and  feed  and  constant  care  besides.  There  is 
no  doubt  now  in  the  minds  of  business  men  about  the  economy 
of  intelligently  directed  motor  haulage. 

Trucking  by  automobile  can  be  made  very  expensive  if  cer- 
tain precautions  are  slighted,  and  be  carried  on  very  economically 
if  it  is  undertaken  in  a  business-like  way.  Knowledge  of  motor 
truck  care  and  operation  is  essential  to  use  trucks  successfully. 
This  can  be  best  understood  if  motor  truck  construction  and 
principles  upon  which  they  work  are  known.  The  purpose  of 
this  treatise  is  to  give  the  present  or  prospective  truck  user  or 
owner  an  opportunity  to  acquire  the  information  needed  in  a 
logical  manner. 

Motor  Truck  Design. — The  large  demand  for  motor  trucks 
from  the  European  belligerents,  coupled  with  a  greatly  increased 
sale  in  this  country,  has  kept  the  motor  truck  builders  so  busy 
during  the  past  year  or  so  that  but  little  time  was  spent  in  de- 
sign development,  although  great  improvements  were  made  in 
details  and  construction,  and  production  processes  have  been 
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improved  materially.  Most  of  the  makers  were  satisfied  in  con- 
tinuing the  designs  that  had  been  perfected  at  the  close  of  1917 
as  a  result  of  the  lessons  learned  by  the  severe  service  abroad, 
and  it  looks  as  though  the  truck  of  1921  would  not  be  very  much 
different  from  its  immediate  predecessors.  Last  year's  produc- 
tion of  commercial  vehicles  was  greater  than  that  of  any  previous 
year,  though  the  increase  was  not  so  marked  as  that  of  1918  over 
its  preceding  year.  The  truck  of  1921,  however,  will  comprise  a 
radically  different  construction  from  that  of  several  years  back. 
At  that  time  the  features  of  pleasure  cars  were  beginning  to  be 
standardized,  and  the  same  desirable  units  were  found  in  numer- 
ous cars  of  different  makes  that  formerly  differed  widely  from 
each  other.  The  European  war  accelerated  motor  truck  produc- 
tion, and  as  standardization  is  the  most  important  fundamental 
underlying  economical  manufacture  of  goods  in  large  quantities, 
truck  designs  became  more  and  more  alike  through  a  growing 
realization  of  the  advantages  of  certain  methods  of  construction 
and  combinations  of  elements. 

Wide  Range  of  Models  Available. — Considering  first  the  range 
of  models  available,  there  are  more  of  the  intermediate  capacities 
now  offered,  though  the  average  size  is  about  the  same  as  it  has 
been  for  two  years  past,  viz.,  4,000  pounds  or  two  tons  capacity. 
There  is  a  definite  division  into  three  main  classes,  the  first  being 
the  delivery  car;  the  second,  the  medium  duty  vehicle,  and  last, 
the  heavy  duty  truck.  Tractors  are  an  entirely  separate  classifi- 
cation to  be  reckoned  with  because  they  have  demonstrated  their 
worth  for  heavy  hauling  in  connection  with  trailers  in  an  unmis- 
takable way  during  the  past  several  years.  The  first  class  in- 
cludes capacities  varying  from  500  pounds  to  one  ton  ;  the  second, 
from  one  ton  to  two  and  one-half  tons;  the  third  includes  all 
vehicles  of  larger  capacity  than  mentioned.  Naturally,  there  is  a 
great  field  for  commercial  vehicles  coming  into  the  first  classifi- 
cation, and  as  the  light  chassis  production  is  one  easily  carried 
out  by  the  same  methods  developed  for  producing  pleasure  cars, 
their  field  of  usefulness  has  been  greatly  increased  because  of  the 
reduction  in  price  possible  by  large  output. 

Delivery  Cars  Follow  Passenger  Car  Practice. — Delivery  cars 
usually  follow  pleasure  car  practice  in  most  details  and  are  largely 
built  up  of  passenger  car  components.  A  marked  tendency  noted 
in  even  the  smaller  commercial  models  is  a  change  to  truck  prac- 
tice in  some  essentials.    As  most  delivery  cars  are  intended  for 
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higher  speeds  than  commonly  advised  for  commercial  work,  pneu- 
matic tires  are  always  used  in  light  truck  construction.  Even 
when  passenger  car  chassis  designs  are  followed,  the  frames, 
springs,  wheels  and  other  parts  are  made  more  substantial  than 
in  a  pleasure  car  of  the  same  power.  This  is  necessary  because 
a  truck  is  used  every  day  and  covers  more  ground  than  a  pas- 
senger carrying  car  would.  The  average  delivery  car  capacity 
is  1,500  pounds,  and  very  few  parcel  cars  of  less  than  1,000 
pounds  capacity  are  now  being  made.  All  those  having  one-ton 
.capacity  are  not  being  built  along  truck  lines,  several  entirely 
new  designs  being  offered  for  the  1921  season  that  combine  the 
mobility  and  speed  of  the  lighter  cars  with  the  strength  and 
ability  to  stand  continuous  service  usually  attributed  only  to 
the  heavier  designs.  The  improvements  made  in  heavy  duty 
trucks  are  detail  changes  intended  for  the  most  part  to  secure 
much  greater  structural  strength.  The  general  trend  of  modern 
truck  design  is  clearly  outlined  in  the  composite  truck  shown  at 
Fig.  I,  while  a  typical  high-grade  truck  of  latest  construction 
is  shown  in  part  section  at  Fig.  2,  which  depicts  a  Packard  worm 
drive  design. 

The  internal  combustion  motor  is  now  the  accepted  power  for 
motor  trucks,  though  electrically  propelled  vehicles  are  used  in 
many  cities  for  short  haul  work  when  proper  battery  charging 
facilities  are  available.  Steam-propelled  trucks,  which  enjoy 
some  degree  of  popularity  for  heavy  hauling  in  England,  are  not 
used  on  American  highways  to  any  extent,  only  a  few  converted 
steam  pleasure  cars  and  buses  being  seen  in  service,  and  most 
of  these  in  the  New  England  States. 

Statistics  of  the  Motor  Truck  Industry 
Truck  Production  in  United  States  by  Years 


Source  of  Figures 

Year 

Number 

Value 
Wholesale 

1914 

25.375 

$45,098,464 

1915 

74,000 

125,800,000 

1916 

90,000 

157,500.000 

Automotive  Products  Section,  War  Indus- 

1917 

128,157 

220,982,668 

Automotive  Products  Section,  War  Indus- 

1918 

227,250 

434,168,992 

Automotive  Products  Section,  War  Indus- 

1919 

327,930 

Digitized  by  Google 


Motor  Truck  Statistics 


10 


Very  interesting  statistics  have  been  compiled  in  "Motor" 
which  show  the  magnitude  of  the  truck  industry  and  its  growth. 
Excerpts  from  these  tabulations  follow: 

Distribution  of  Production  for  1919 


<  From  reports  by  manufacturers  to  War  Industries  Board) 


Per 

Per 

.  P^ 

Opacify 

Number 

(cut. 

Capacity  Number 

Cent. 

Capacity    Number  Cent. 

1  i  ton .  . 

9.3(X) 

2.8 

2     tons..  49,947 

15.2 

4     tons..  1.149  0.3 

^4  ton.  . 

30.043 

9.0 

ZV*  tons..  10,063 

3.5 

5     tons..  16.992  5.1 

1      ton.  . 

138,736 

42.0 

3     tons. .  6.155 

1.8 

5'  .  tons..  1.000  0.3 

V/2  tons. 

43,308 

13.2 

3H  tons..  19,212 

5.9 

6     tons..  1,069  0.3 

7     tons..     945  0.3 

MlSCELl.ANKOrS 

Data 

Companies  actively  engaged  in  truck  manufacture  in  the  United 


States    154 

Motor  trucks  in  use  in  the  United  States  (estimated)   480.000 

Transportation   service  rendered  by   motor  trucks  in  United 

States  last  year  (estimated  ton-miles)   6.000.000.000 

Cost  of  above  service  at  18  cents  per  ton  mile  $1,080.<X)<),000 

Cost  of  same  service  by  horse-drawn  vehicle  at  25  cents  per 

ton-mile   $1,500,000,000 

Estimated  annual  saving  by  use  of  Motor  Truck   $420,000,000 

G:>st  of  hauling  corn  and  wheat  from  farms  by  truck  (U.  S. 

Bureau  of  Crop  Estimates  report)  per  ton-mile   15  cents 

Cost  of  same  haulage  by  wagon  (Bureau  of  Crop  Estimates 

report)  per  ton-mile   30-33  cents 


Important  Components  of  Modern  Trucks. — In  this  era  of 
progress  one  would  not  hesitate  to  assert  that  the  motor  truck 
had  been  perfected  or  that  it  had  reached  a  finality  in  design 
because  the  experience  of  the  last  few  years  would  justify  one 
in  assuming  that  the  principles  of  construction  now  applied  so 
successfully  may  reasonably  be  considered  permanent.  The  ele- 
ments which  have  been  proven  essential  to  insure  successful 
operation  of  all  self-propelled  vehicles,  intended  either  for  pas- 
senger or  freight  transport,  may  be  easily  defined  as  follows: 

The  mechanism  should  be  as  simple  as  it  is  possible  to  make 
it.  as  this  promotes  ease  of  repairing,  facility  in  handling,  and 
lessens  the  liability  of  trouble  by  reducing  complications.  The 
parts  should  be  in  proper  proportion  and  arranged  in  such  a 
manner  relative  to  each  other  that  one  may  be  removed  or  re- 
placed without  disturbing  other  correlated  appliances. 
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The  power  furnished  by  a  gasoline  motor  carried  in  the  frame 
must  be  transmitted  to  the  traction  wheels  or  to  the  revolving 
shafts  to  which  they  are  fastened  with  as  little  friction  and  power 
loss  as  is  possible. 

The  driven  wheels,  usually  the  rear  ones,  though  four-wheel 
and  front-wheel  drives  are  sometimes  found,  must  be  connected 
to  some  form  of  compensating  or  balance  gear  which  enables 
each  wheel  to  revolve  independently  of  the  other  at  times  and 
at  different  velocities,  because  in  turning  corners  the  outer  wheel 
describes  a  larger  arc,  and  consequently  a  longer  path,  than  the 
inner  member.  The  differential  gear  was  one  of  the  most  im- 
portant elements  which  made  for  the  successful  development  of 
the  automobile,  and  at  the  present  time  special  forms  have  been 
designed  that  have  great  merit  in  that  they  provide  positive 
drive  under  all  conditions. 

The  steering  in  most  cases  should  be  done  by  the  two  front 
wheels,  which  are  carried  at  the  ends  of  a  yoked  axle  which  is 
securely  fastened  to  the  chassis  frame  by  means  of  the  springs. 
The  wheels  are  carried  on  steering  knuckles  which  must  be 
arranged  to  assume  different  angles  when  the  vehicle  is  turning 
corners  or  deviates  from  a  straight  path  in  order  to  secure  posi- 
tive steering.  On  four-wheel  drive  commercial  cars  all  wheels 
are  sometimes  used  for  steering. 

Springs  must  be  provided  which  will  have  sufficient  strength 
and  elasticity  to  neutralize  vibration  and  allow  for  unevenness 
of  the  road  surface  by  their  yielding  qualities,  and  thus  reduce 
l*>dy  movement.  In  order  to  relieve  the  machinery,  running  gear 
and  passengers  of  the  inevitable  vibration  which  obtains  at  even 
moderate  speed  on  ordinary  roads  the  wheels  should  be  pro- 
vided with  very  resilient  tires,  preferably  of  the  pneumatic  or 
inflated  forms  for  high  speed  cars,  and  cushion  or  solid  rubber 
on  the  heavier  and  slower  moving  motor  trucks. 

The  gas  supply  to  the  motor,  the  ignition  of  the  charge,  and 
the  continuation  of  the  engine  cycle  of  operations  should  be 
automatic  and  require  no  attention  from  the  operator  after  the 
motor  is  once  started.  To  secure  continued  efficient  operation, 
mechanical  means  must  be  provided  for  constant  lubrication  of 
all  moving  parts.  All  components  which  have  movement  rela- 
tive to  other  parts  should  move  with  as  little  power  loss  by 
friction  as  possible,  in  order  to  conserve  the  available  motor 
energy  for  tractive  purposes.    Anti-friction  bearings  of  the  ball 


Digitized  by  Google 


Components  of  Motor  Trucks 


23 


or  roller  type  should  be  employed  on  all  rotating  shafts  in  the 
power  plant,  transmission  system,  and  in  the  wheels,  to  save 
power,  lubricant  and  reduce  depreciation. 

The  center  of  gravity  must  be  carried  relatively  low,  which 
involves  placing  the  body  as  close  to  the  ground  as  practical 
considerations  will  permit.  The  wheel  base,  which  is  the  dis- 
tance between  front  and  rear  wheel  centers,  should  be  long,  in 
order  to  secure  the  best  results  in  tractive  effort,  steering,  easy 
riding,  and  use  of  a  body  of  proper  size  to  carry  the  load.  The 
power  plant  and  other  essential  mechanism  should  be  carried  on 
a  frame  in  such  a  manner  that  road  shocks  will  not  be  trans- 
mitted and  so  coupled  together  that  no  frame  distortion  will 
produce  disalignment  of  the  driving  shafts. 

The  control  elements  must  be  designed  with  a  view  to  easy 
handling.  This  means  that  the  steering  gear  should  be  irre- 
versible— i.e.,  the  hand  wheel  should  not  be  affected  by  side 
movement  of  the  front  wheels,  thus  relieving  the  driver's  arm  of 
all  undue  strain  while  driving.  Motor  regulation  should  be  by 
levers  placed  convenient  to  the  driver's  hands  or  feet,  and  gear 
shifting-  should  be  accomplished  without  difficulty.  Powerful 
brakes  must  be  employed  to  insure  positive  check  of  vehicle 
motion  whenever  it  is  desired  to  bring  the  conveyance  to  a  stop. 
It  is  evident  that  the  levers  through  which  the  brakes  are  oper- 
ated should  be  so  proportioned  that  a  minimum  of  effort  on  the 
part  of  the  operator  will  serve  to  check  the  vehicle  immediately. 
Electric  engine  starting  systems  should  be  fitted  and  electric 
lighting  is  desirable. 

The  gradual  modification  of  the  automobile  truck  from  a  crude 
mechanism  to  a  practical  product  has  been  attained  over  a  period 
"i  about  twenty  years  without  radical  changes  that  many  confi- 
dently forecasted  at  the  inception  of  the  industry.  The  essential 
elements  of  the  truck  of  today  remain  practically  the  same  as 
^r  as  basic  principles  are  concerned  as  those  which  formed  the 
basis  of  the  first  motor  car.  Only  the  details  have  been  changed, 
and  the  forms  which  have  resulted  from  the  gradual  process  of 
evolution  show  a  steady  tendency  toward  uniformity  of  design 
in  essentials,  though  there  may  be  considerable  difference  in 
!  ■cation  of  units  and  types  of  mechanism  employed  for  a  given 
purpose. 

Truck  and  Wagon  Construction  Compared. — In  the  horse- 
drawn  trucking  vehicle  there  is  no  necessity  for  a  heavy  or 
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strong  supporting  frame,  because  the  heavy  truck  body  con- 
struction makes  it  possible  to  attach  the  springs  directly  to  the 
sills  on  which  the  body  rests.  In  a  motor  vehicle,  however,  the 
frame  is  usually  separate  from  the  body  work,  because  it  is  often 
necessary  to  remove  the  body  to  gain  access  to  some  portion  of 
the  mechanism  which  may  need  attention,  and  also  to  fit  various 
body  designs  on  the  same  chassis.  The  frame  of  an  automobile 
truck  must  be  strong,  because  the  engine  and  parts  of  the  trans- 
mission system  are  installed  thereon,  and  also  because  the  speed 
possibilities  of  the  automobile  make  it  necessary  that  the  frame 
be  of  sufficient  strength  to  resist  the  stresses  due  to  truck  move- 
ment when  driven  over  uneven  road  surfaces.  These  strains  are 
not  present  in  other  forms  of  conveyances. 

The  steam  locomotive  which  is  capable  of  high  speed  and 
which  is  very  heavy,  travels  oh  a  smooth  track,  while  ordinary 
horse-drawn  trucks  are  not  affected  materially  by  the  rough- 
ness of  the  path  on  which  they  travel  because  of  their  low 
speed  and  light  weight.  In  the  frame,  or  chassis  group,  one* 
may  include  the  main  frame,  sub-frame,  steering  gear,  clutch 
and  brake  pedals,  hand  levers  for  varying  change  speed  gear 
ratios,  and  applying  emergency  brakes;  the  front  axle  and  its 
steering  connections,  the  driving  axle  and  brakes,  the  wheels, 
the  tires,  and  the  springs  which  form  a  yielding  connection 
between  the  axles  and  the  frame. 

The  power  plant  of  a  gasoline  truck  is  composed  of  a  number 
of  distinct  devices  of  which  the  engine  proper  is  the  most  im- 
portant, though  all  of  them  are  necessary  to  insure  practical 
operation.  In  order  to  describe  power  plant  construction  log- 
ically, it  may  be  divided  into  five  distinct  assemblies,  each  of 
which  may  be  resolved  into  the  various  parts  of  which  they  are 
composed.  The  most  important  is  the  engine  itself,  then  the 
various  auxiliary  groups,  such  as  the  cooling  system,  the  ignition 
apparatus,  the  carburetor  and  fuel  system,  and  the  lubrication 
or  oiling  appliances.  One  who  understands  horse-drawn  vehicle 
construction  will  find  many  parts  similar  to  those  in  wagons 
doing  duty  in  the  motor  vehicle  running  gear. 

Parts  of  Typical  Trucks  and  Their  Functions.— A  brief  ex- 
planation of  the  function  of  each  part  of  the  truck  chassis  de- 
picted at  Figs.  2  and  3  will  serve  to  afford  a  better  understanding 
of  the  construction  of  an  automobile.  The  purpose  of  the  front 
axle  is  not  unlike  that  of  a  horse-drawn  vehicle,  while  it  is  much 
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different  in  construction.  The  wheels  are  installed  on  movable 
rpindles,  or  steering  knuckles,  which  are  supported  by  yokes 
permitting  one  to  move  the  wheels  for  steering  rather  than 
turning  the  entire  axle  on  a  fifth  wheel,  or  jack-bolt  arrange- 
ment as  in  a  horse-drawn  vehicle.  This  axle  is  attached  to  the 
frame  by  spring  members  which  allow  a  certain  degree  of  move- 
ment without  producing  corresponding  motion  of  the  frame. 

The  radiator,  which  is  most  often  placed  directly  on  the  frame 
ahead  of  and  over  the  axle  in  front  of  the  motor,  is  employed 
to  hold  part  of  the  water  used  in  keeping  the  engine  cool,  and 
is  an  important  part  of  the  heat-radiating  system.  The  starting 
handle  is  a  crank  by  which  the  motor  crankshaft  is  given  suf- 
ficient initial  movement  by  the  operator  to  start  the  engine. 
The  tie-bar  joins  the  arms  of  the  steering  spindles  on  which  the 
wheels  revolve,  and  insures  that  these  will  swing  together  and 
in  the  same  direction,  either  to  the  right  or  left.  The  steering 
link,  often  called  the  "drag  link,"  connects  one  of  the  steering 
•knuckles  of  the  front  axle  with  the  steering  gear. 

The  motor  may  be  one  of  the  various  forms  to  be  described, 
but  all  motor  trucks,  with  but  two  exceptions,  use  four-cylinder, 
four-cycle  engines.  One  truck  employs  a  two-cylinder,  another 
a  six-cylinder  power  plant,  but  these  are  exceptions  to  estab- 
lished practice.  The  dash  is  a  wooden  or  metal  partition  placed 
back  of  the  power  plant  to  separate  the  engine  from  the  seating 
compartment.  It  is  often  employed  to  support  some  of  the  aux- 
iliary apparatus  necessary  to  motor  action  or  some  of  the  control 
elements. 

The  clutch  is  a  device  operated  by  a  pedal,  which  permits  the 
motor  power  to  be  coupled  to  the  gearset,  and  from  thence  to 
the  driving  wheels  or  interrupted  at  the  will  of  the  operator. 
It  is  used  in  starting  and  stopping  the  truck  and  whenever  the 
change  speed  gears  are  shifted. 

The  accelerator  is  a  small  pedal  which  actuates  a  valve  on  the 
gas  supply  device  to  permit  more  explosive  mixture  being  fed 
to  the  engine  when  it  is  desired  to  increase  the  motor  speed.  Its 
function  is  comparable  to  that  of  the  throttle  of  a  steam  engine 
or  the  controller  of  an  electric  vehicle.  The  pedals  are  foot- 
operated  levers,  one  of  which  releases  the  clutch,  the  other  ap- 
plies the  running  brakes. 

The  motor  control  levers  on  the  steering  column  are  used  in 
conjunction  with  the  accelerator  to  vary  the  rotative  speed  of 
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the  motor,  and  thus  regulate  the  energy  produced  in  proportion 
to  the  work  to  be  performed.  The  emergency  brake  lever  applies 
a  powerful  braking  member  when  it  is  desired  to  stop  the  truck 
quickly,  and  also  when  one  wishes  to  lock  the  brakes  if  car 
movement  is  arrested  on  a  down  grade.  The  change  speed  lever 
operates  the  sliding  gearing,  which  is  utilized  to  produce  varying 
ratios  of  velocity  between  the  engine  shaft  and  the  rear  wheels. 
The  steering  wheel  actuates  the  mechanism  which  moves  the 
wheels  to  the  right  or  left  when  one  wishes  to  describe  the 


Fig.  4  — Side  View  of  Chassis  of  Selden  One-and-One-Half-Ton  Truck. 


circle,  turn  a  corner,  dodge  an  obstacle,  or  otherwise  deviate 
from  a  straight  course. 

The  change  speed  gear  is  one  of  the  most  important  elements 
of  the  power  transmission  system,  and  in  connection  with  the 
clutch  it  is  much  used  in  operating  and  controlling  the  vehicle. 
The  exhaust  pipe  is  employed  to  convey  the  inert  gases  dis- 
charged from  the  motor  cylinders  to  a  device  known  as  the 
muffler,  which  is  designed  to  reduce  gas  pressure  by  augmenting 
the  volume  and  thus  diminish  the  noise  made  as  it  issues  to  the 
atmosphere.  The  driving  shaft  transmits  power  from  the  change 
speed  gearset  to  the  drive  gearing  in  the  rear  axle. 

A  universal  joint  is  a  positive  connection  which  permits  a  cer- 
tain degree  of  movement  between  two  shafts  which  must  be 
driven  at  the  same  speed.  One  or  the  other,  or  both,  may  move 
in  a  lateral  or  vertical  plane  to  a  limited  extent  without  inter- 
rupting the  drive  or  cramping  the  moving  parts.  The  rear 
construction  houses  the  differential  and  driving  gears,  and  the 
shafts  or  axles  which  transmit  the  power  to  the  traction  wheels. 
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Brakes  are  used  to  retard,  or  stop,  the  movement  of  the  wheels, 
and  are  operated  by  rods  which  transmit  the  force  the  operator 
applies  at  the  brake  pedal  or  hand  lever  to  the  brake  band. 
Torque  or  radius  members  are  used  to  maintain  a  definite  rela- 
tion between  the  driving  gears  in  the  axle  and  those  in  gearset, 
and  to  take  the  driving  thrusts  off  the  axle  and  the  strains  im- 
posed by  braking  and  driving  from  the  springs.  The  principles 
underlying  operation  of  each  of  the  parts  shown  and  a  number 


Fig.  5. — Three-quarter  Front  View  of  Selden  One-and-One-Half 

Ton  Truck. 


of  different  forms  in  which  they  may  exist  will  be  described 
more  extensively  in  the  chapters  dealing  fully  with  the  vari- 
ous groups. 

There  is  considerable  diversity  noted  in  the  location  of  the 
various  parts,  methods  of  power  transmission,  etc.  In  one  truck 
the  change  speed  gearing  may  be  incorporated  with  the  engine 
to  form  a  unit  power  plant.  In  some  chain  drive  models  it  may 
be  assembled  with  the  countershaft.  In  still  other  designs  it 
may  be  a  separate  member  located  amidships,  and  independent 
of  the  motor.  In  some  truck  designs,  as  at  Fig.  7,  one  finds  the 
motor  under  the  seat  or  floor;  in  nearly  all  others  it  is  placed 
at  the  front  end  of  the  chassis,  as  shown  in  most  of  the  chassis 
illustrations.  The  reader  may  easily  familiarize  himself  with 
these  peculiarities  of  design  by  studying  the  various  chassis  de- 
signs given  as  examples  of  current  practice. 
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Fig.  6.— Three-quarter  Rear  View  of  Selden  One-and-One-Half-Ton  . 
Truck  Showing  Worm-Drive  Axle  and  Rear  Spring  Suspension. 

Power  Transmission  by  Shaft  Drive. — The  power  of  the  en- 
gine in  Diagram  A,  Fig.  11,  is  transmitted  to  the  rear  wheels  in 
the  following  manner:  The  power  developed  by  the  engine  is 
first  transmitted  from  the  flywheel,  attached  to  the  crankshaft 
of  the  engine,  to  the  transmission  or  gear  box,  through  the 
clutch.  The  clutch  normally  is  engaged  so  that,  as  long  as  the 
gears  are  in  mesh  and  the  engine  running,  power  will  be  trans- 


it- 7.— Showing  Old  Style  Motor  Truck  Design  in  which  Power  Plant 
it  Placed  Under  Operator's  Feet,  Thus  Providing  More  Carrying 
Space  for  Body  Without  Lengthening  the  Wheel  Base. 
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Fig.  8. — Light  Motor  Truck  Chassis  which  Follows  Typical  Passenger 
Vehicle  Design  Except  in  Size  of  Parts.  The  Frame  and  Running 
Gear  Components  are  Heavier  and  Stronger  to  Compensate  for  the 
Greater  Load  Carrying  Capacity. 
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mitted  through  the  clutch  and  to  the  rear  wheels.  To  disconnect 
the  engine  from  the  rear  wheels  it  is  only  necessary  to  depress 
the  clutch  pedal. 

Four  forward  gear  ratios,  or  "leverages,"  are  provided  in  the 
transmission  or  gear  box  by  means  of  selective  sliding  spur 
gears.  From  the  transmission  the  power  is  transmitted  through 
a  universal  joint  to  the  propeller  shaft,  through  the  universal 
on  the  rear  of  the  propeller  shaft,  and  then  to  the  pinion  shaft. 


Fig.  9.— View  of  Standardized  Chassis  Used  by  the  U.  S.  Army.  This 
Type  is  Known  as  the  Air  Service  Model. 


In  the  rear  axle  the  power  is  delivered  uniformly  to  the  two 
wheels  by  means  of  a  bevel  gear  differential. 

In  Diagram  B  the  engine  is  shown  in  the  upper  right  hand 
corner,  and  the  internal  gears,  which  are  attached  to  each  of 
the  rear  wheels,  in  the  lower  left  hand  corner  of  the  sketch. 
The  power  is  transmitted  from  the  engine  through  its  flywheel 
to  the  cone  clutch,  which  is  operated  by  a  clutch  pedal.  When 
the  latter  is  depressed,  the  clutch  is  disconnected  from  the  en- 
gine, and  this,  in  turn,  disconnects  the  power  from  the  rear 
wheels.  From  the  clutch  the  power  is  transmitted  through  the 
Sear  box,  in  which  there  are  various  speed  gears.  Three  speeds 
forward  and  one  reverse  are  provided. 

From  the  transmission,  the  power  is  delivered  to  the  rear 
axle  by  a  tubular  propeller  shaft  and  two  universal  joints,  one 
at  cither  end  of  the  shaft.    The  power  is  transmitted  from  the 
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rear  universal  joint  through  bevel  gears  to  an  M.  &  S.  locking 
differential  to  the  right  and  left  jackshafts.  On  the  end  of 
each  jackshaft  there  are  pinions  which  engage  with  the  internal 
gears  attached  to  each  rear  wheel. 

Instead  of  the  bevel  gearing  shown  at  Diagram  A,  worm 
gearing  may  be  used  in  the  same  manner,  and  in  some  double 
reduction  axles,  as  shown  at  B,  all  gears  may  be  carried  close 
to  the  differential  gear,  the  wheels  being  shaft  driven. 

Standard  Truck  Characteristics. — A  study  of  the  specifications 
of  the  motor  trucks  of  American  manufacture  enables  one  to 
formulate  with  reasonable  accuracy  an  average  set  of  charac- 
teristics of  design  that  will  apply  to  the  greater  portion  of  the 
trucks  in  use.    Considering,  first,  the  matter  of  chassis  weight, 
we  find  that  a  one-ton  capacity  truck  will  weigh  about  3,500 
pounds  without  the  body.    As  we  come  to  the  trucks  of  greater 
capacity,  the  increase  is  by  no  means  directly  proportional  to 
the  augmented  capacity.    For  example,  a  two-ton  chassis  will 
weigh  about  4,000  pounds,  which  is  but  500  pounds  increase  over 
that  rated  at  one-half  its  normal  capacity.    The  reason  for  this 
is  not  that  the  two-ton  job  is  in  any  way  slighted,  but  rather 
that  most  one-ton  trucks  are  usually  greatly  overloaded,  and 
are  made  to  carry  considerably  more  than  their  rated  capacity 
by  their  owners.   The  weight  of  3,000  pounds  is  a  minimum  that 
is  essential  to  secure  enduring  mechanism,  while  that  previously 
driven  is  the  average  that  seems  desirable.    A  three-ton  chassis 
will  weigh  6,000  pounds,  or  as  much  as  its  rated  capacity,  but  a 
three  and  a  half-ton  model  will  seldom  weigh  more  than  6,500 
pounds.    A  chassis  rated  at  four-ton  will  tip  the  scales  at  8,000 
pounds,  while  one  rated  at  five-ton  will  rarely  exceed  8,500 
pounds.  A  motor  truck  of  the  conventional  two-wheel  drive  form 
carries  from  60%  to  85%  of  the  weight  on  the  rear  of  the 
traction  wheels,  the  smaller  percentage  being  found  on  the  light 
trucks  using  modified  passenger  car  chassis.   Trucks  of  the  four- 
wheel  drive  pattern  generally  have  about  40%  of  the  weight  on 
the  front  wheels  and  60%  on  the  rear,  this  distribution  being 
n-.ade  because  all  wheels  are  employed  for  traction.    The  usual 
'ear  wheel  drive  truck  carries  70%  to  80%  of  the  weight  on  the 
"ear  axle. 

Motor  Power  Needed  for  Trucks. — The  motor  power  required 
'  >r  trucks  does  not  increase  directly  with  capacity  any  more  than 
hassis  weight  does,  because  the  heavier  trucks  arc  geared  lower 
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Fig.  11. — Diagram  Outlining  Two  Methods  of  Final  Drive  from  Engine 
to  Rear  Wheels.  At  A,  the  Drive  is  by  Bevel-Pinion  and  Ring  Gear 
as  in  Passenger  Car  Practice.  At  B,  Internal-Gear  Drive  is  Shown. 
This  is  Becoming  More  Popular  for  Motor  Truck  Service. 
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and  therefore  do  not  call  for  the  amount  of  power  that  is  gen- 
erally given  the  lighter  and  faster  models.  The  power  range  is 
about  as  given  in  the  following  table : 

MOTOR  POWER  FOR  VARIOUS  TRUCK  CAPACITIES 


Capacity 
in  pounds 

Motor 

H.  P. 

norsc  powci 

per  nunuretiwcigiii 

1  000 

17 

1  7 

1,500 

20 

1.33 

2.000 

22 

1.1 

3.000 

25 

.8 

4.000 

28 

.7 

5,000 

30 

.7 

6,000 

31 

.5 

7,000 

32 

.4 

8,000 

32 

.38 

10.000 

35 

.35 

It  will  be  observed  from  the  figures  given  above  that  the 
horse  power  per  hundred  pounds  rated  capacity  becomes  less  as 
the  truck  increases  in  carrying  ability.  The  reason  more  horse- 
power is  used  on  the  lighter  trucks  is  that  these  are  capable  of 
greater  speeds  and  are  expected  to  have  a  better  hill-climbing 
ability — i.e.,  they  are  expected  to  climb  nearly  all  the  hills  a 
touring  car  will  on  the  direct  drive. 

How  Motor  Truck  Cost  Varies. — Truck  cost  varies  greatly 
and  largely  depends  on  the  features  of  design  of  the  individual 
truck  and  whether  it  is  built  by  a  quantity  producer  or  by  a  firm 
building  a  relatively  small  number  each  year.  As  is  true  of 
touring  car  prices,  the  product  of  the  quantity  producers  is  ma- 
terially less  for  a  given  capacity.  It  is  possible  by  taking  an 
average  to  give  the  truck  cost  in  a  unit  figure  per  pound  rated 
capacity.  It  is  found  that  trucks  rated  at  one-ton  will  cost  from 
a  minimum  of  50  cents  to  a  maximum  of  $1.00  per  pound  rated 
capacity.  As  an  example  of  how  low  this  cost  may  be,  a  dis- 
tinctive design  of  one-ton  capacity  trucks  sells  for  as  little  as 
25  cents  per  pound  rated  capacity,  this  bringing  the  cost  of  the 
truck  chassis  to  about  $500.  Most  trucks  are  of  heavier  con- 
struction than  this  model,  so  the  figures  previously  given  may 
be  considered  representative.  There  is  little  difference  in  the 
cost  of  a  one  and  one-half  or  two-ton  truck,  which  will  average 
about  75  cents  per  pound.  Three-ton  trucks  sell  for  from  50 
cents  to  66%  cents  per  pound.  Four-ton  trucks  will  range  from 
that  figure  to  75  cents  per  pound.    A  good  five-ton  truck  can 


Digitized  by  Google 


Typical  Light  Truck 


37 


y  Google 


C  ;)ogIe 


Typical  Truck  Designs 


89 


be  purchased  for  50  cents  per  pound  rated  capacity.  The  heavi- 
est truck  manufactured  as  a  standard  product,  which  is  rated 
as  seven  and  one-half  ton  capacity,  costs  approximately  33VJ 
cents  per  pound.  The  figures  given  apply  only  to  the  chassis  in 
all  cases,  except  the  one-ton  classification,  which  includes  the 
bodies  in  the  cost  estimate. 

Typical  Truck  Designs. — One  would  naturally  expect  motor 
truck  designs  to  vary  greatly  an  account  of  the  diversity  of 
opinion  relative  to  motor  truck  engineering  matters  which  now 
obtain  in  this  industry.  Various  designers  have  a  preference  for 
certain  methods  of  construction  which  have  proven  thenVselves 
to  be  entirely  satisfactory  on  their  product  which  are  not  fa- 
vored to  the  same  extent  on  other  trucks  of  similar  capacity.  As 
previously  mentioned,  the  placing  of  the  various  units  deter- 
mines truck  chassis  design  to  a  certain  extent.  The  truck  shown 
at  Fig.  15  is  a  modification  of  the  practice  ordinarily  followed 
by  passenger-carrying  car  designers.  The  engine  and  gear  box 
are  of  unit  form  and  shaft  drive  transmits  the  power  to  a  bevel 
gear  axle  of  the  usual  pattern.  The  motor  is  rated  at  14.4  horse 
power  and  has  cylinders  cast  in  block  with  a  detachable  cylin- 
der head.  The  bore  of  the  cylinder  is  three  inches  and  the  pis- 
ton stroke  four  and  one-half  inches.  A  pressed  steel  frame  sup- 
ported by  semi-elliptic  front  and  rear  springs  is  used.  The  change 
speed  gearing  provides  three  forward  speeds  and  a  cone  clutch 
is  utilized  to  connect  the  engine  power  to  the  gearset.  The  tires 
are  31  x4  inch  pneumatic,  and  the  car  has  a  wheel  base  of  108 
inches.  It  is  usually  equipped  with  a  light  van  or  screen  side 
parcel  delivery  body. 

The  truck  shown  at  Fig.  16  carries  1,500  pounds  and  is  a  modi- 
fication of  a  popular  touring  car  that  is  built  in  large  quantities. 
In  this  design,  the  power  plant  and  clutch  form  a  unit  that  is 
distinct  from  the  change  speed  gearing.  This  truck  employs  an 
electric  starting  and  lighting  system  just  as  the  touring  car  of 
the  same  make  does.  The  motor  is  rated  at  27.2  horse  power 
and  has  cylinders  cast  in  pairs.  The  bore  is  4%  inches  and  the 
stroke  5j4  inches.  A  multiple  disc  clutch  and  three  speed  gear- 
sets  transmit  the  power  through  a  double  universal  joint  drive 
shaft  to  a  bevel  gear  drive  rear  axle.  The  car  has  a  128  inch 
wheel  base,  the  wooden  wheels  are  provided  with  34  inch  x  4y2 
inch  pneumatic  tires  fitted  to  demountable  rims  all  around.  A 
pressed  steel  frame  is  employed  and  as  is  usual  in  motor  truck 
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construction  semi-elliptic  springs  are  used  both  front  and  rear. 
Owing  to  the  powerful  motor,  this  model  is  known  as  the  "Speed 
Wagon." 

While  both  of  the  models  previously  shown  are  really  modi- 
fications of  passenger  car  practice,  the  one-ton  truck  depicted  at 
Fig.  17  is  representative  of  light  truck  design  in  which  a  depart- 
ure is  made  from  the  passenger-carrying  types.  A  unit  power 
plant  is  employed,  the  drive  from  a  cone  clutch  and  three  speed 
gear  box  is  through  a  long  double  universal  joint  drive  shaft  to 
a  rear  axle  of  the  double  reduction  or  internal  gear  drive  form. 
The  motor  is  rated  at  22.5  horse  power  and  is  a  four-cylinder 
type  having  a  bore  of  inches  and  stroke  of  5  inches.  The 
chassis  length  is  186  inches.  Its  weight  is  2,500  pounds  and  the 
truck  has  a  126  inch  wheel  base.  Artillery  wooden  wheels,  pro- 
vided with  34  inch  x  4  inch  solid  rubber  tires,  are  used.  Three 
changes  of  speed  are  provided,  the  low  gear  permitting  a  maxi- 
mum of  nine  miles  per  hour,  the  second  speed  sixteen  miles  and 
the  high  gear  or  direct  drive  a  maximum  of  thirty  miles  per  hour. 

The  134-ton  motor  truck  shown  at  Fig.  18  is  a  distinctive 
design  employing  the  four  wheel  drive  principle.  The  motor  is 
rated  at  19.6  horse  power  and  has  a  bore  of  3^  inches  and  a 
stroke  of  six  inches.  A  multiple  disc  clutch,  mounted  as  a  unit 
with  the  power  plant,  delivers  the  engine  power  to  a  three  speed 
gear  box,  which  is  mounted  about  in  the  center  of  the  frame. 
A  special  form  of  change  speed  gearing  is  required  owing  to  the 
four  wheel  drive  principle,  because  double  universally  jointed 
driving  shafts  must  extend  from  the  front  and  rear  to  the  in- 
ternal gear  drive  axles.  A  rolled  steel  frame  built  up  of  stand- 
ard structural  shapes  is  used.  Steering  is  by  the  front  wheels 
only  in  this  truck,  though  some  of  the  four  wheel  drive  types 
combine  directive  and  tractive  functions  at  all  four  wheels.  Steel 
wheels  shod  with  32  inch  x  4  inch  solid  rubber  tires  support  the 
chassis.  The  weight  is  3,300  pounds.  The  gear  ratios  in  the 
change  speed  gearing  are  such  that  a  low  speed  of  six  miles  per 
hour,  a  second  speed  of  10.6  and  a  high,  speed  of  eighteen  miles 
are  obtained. 

The  two-ton  truck  outlined  at  Fig.  19  is  a  distinctive  pattern 
and  is  the  only  one  now  on  the  American  market  employing  a 
two-cylinder  engine  as  motive  power.  This  power  plant  is  rated 
at  eighteen  horse  power  and  has  cylinders  4)4  inches  bore  and 
4l/2  inches  stroke.   It  is  located  under  the  driver's  seat,  which  is 
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mounted  on  hinges  so  it  can  be  tilted  forward  to  give  ready  ac- 
cess to  the  engine.  A  three  plate  clutch  and  three  speed  gear 
box  are  used.  The  double  reduction  rear  axle  is  a  special  design 
having  combined  spur  and  bevel  gear  drive.  The  frame  is  of 
pressed  steel  and  while  semi-elliptic  springs  are  used  in  front  a 
platform  spring  suspension  supports  the  rear.  Owing  to  the 
location  of  the  motor  and  its  compactness,  a  very  short  wheel 
base  of  ninety-seven  inches  can  be  used  without  any  sacrifice  of 
body  length  or  capacity.  This  short  wheel  base  makes  it  very 
easy  to  handle  the  truck  in  congested  traffic,  as  it  requires  con- 
siderably less  space  to  maneuver  it  in  than  the  conventional 
longer  wheel  base  trucks  need.  The  front  tires  are  34  inch  x  4 
inch  solid  rubber  and  the  rear  are  34  inch  x  5  inch  of  the  same 
type. 

The  3j4-ton  capacity  truck  chassis  shown  at  Fig.  20  is  a  good 
example  of  that  method  of  construction  that  employs  a  unit 
power  plant  and  a  long  tubular  drive  shaft.  The  engine  is  a 
four-cylinder  form,  rated  at  32.5  horse  power  and  having  cylin- 
ders of  4y2  inch  bore  by  5j/>  inch  stroke.    The  clutch  is  a  mul- 

•  tiple  disc  pattern  and  in  connection  with  the  four  speed  gear 
box  it  is  an  integral  unit  with  the  engine  crankcase.    The  final 

•  drive  is  by  a  worm  gear  axle.  The  frame  is  a  pressed  steel  pat- 
tern. Substantial  radius  rods  are  provided  to  take  driving  and 
braking  torque  reaction  so  that  the  rear  springs  are  called  upon 
only  to  carry  the  load  and  not  to  function  as  torque  members, 
as  is  necessary  when  the  Hotchkiss  drive  is  employed.  The 
wheel  base  is  164  inches.  Wooden  wheels  are  used,  the  front 
being  equipped  with  36  x  5-inch  single  solid  tires  and  the  rear 
with  36  x  5-inch  dual  tires.  The  weight  is  given  as  6,550  pounds. 
The  speeds  provided  are  3.3  miles  on  low  gear,  5  miles  on  the 
second  speed,  9  miles  on  the  third  speed,  and  13  miles  per  hour 
on  the  high  speed. 

The  3^2-ton  truck  shown  at  Fig.  21  is  somewhat  different  than 
that  previously  described,  because  the  change  speed  gearing  is 
placed  as  an  independent  unit  at  about  a  central  point  in  the 
frame  instead  of  being  incorporated  with  the  engine  unit.  In- 
stead of  using  one  long  driving  shaft,  as  in  the  design  at  Fig. 
20,  two  shorter  drive  shafts  are  utilized,  one  leading  from  the 
clutch  case  to  the  front  end  of  the  gear  box,  the  other  extending 
from  the  rear  end  of  the  gear  box  to  the  worm  drive  axle.  The 
engine  in  this  truck  is  rated  at  29  horse  power  and  is  4J4  inches 
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bore  by  Sy2  stroke.  The  clutch  is  a  multiple  disc  type  and  the 
change  speed  gearing  operates  on  the  individual  clutch  system 
in  which  all  gears  are  in  mesh  at  all  times  instead  of  the  usual 
sliding  gear  construction.  The  frame  is  of  pressed  steel,  and 
a  wheel  base  of  162  inches  is  used.  The  front  wheels  are  pro- 
vided with  36  x  5-inch  single  solid  tires,  the  rear  wheels  with 
40  x  5-inch  dual  tires.  The  weight  of  the  chassis  is  given  as 
8.300  pounds.  The  speeds  provided  by  the  gear  box  and  drive 
axle  reduction  are  2.9  miles  on  the  slow  speed,  7.2  miles  on  the 
second  speed,  and  13  miles  on  the  third  speed  or  direct  drive. 

The  truck  chassis,  outlined  at  Fig.  22,  is  a  good  example  of  the 
construction  followed  in  trucks  of  that  capacity.  The  four-speed 
gear  box  is  placed  almost  immediately  back  of  the  engine,  but 
is  mounted  as  an  independent  unit.  The  drive  from  the  gear 
box  to  the  rear  axle  is  by  two  drive  shafts  instead  of  one  long 
member.  The  engine  is  rated  at  29.9  horse  power  and  has  the 
cylinders  cast  in  pairs.  The  bore  is  4*4  inches  and  the  stroke 
6  inches.  A  cone  clutch  is  interposed  between  the  engine  and 
four-speed  gear  box.  A  pressed  steel  frame  is  used.  The  wheel 
base  is  150  inches,  the  tires  are  36  x  5-inch  solid  front,  and  36  x  6- 
inch  dual  solid  on  the  rear.  The  weight  of  the  chassis  is  given 
at  7,100  pounds.  The  speeds  possible  are  3.4  miles  per  hour  on 
the  low  gear,  5.95  miles  on  the  second  speed,  8.75  miles  on  the 
third  speed  and  14.5  miles  on  the  fourth  speed. 

A  5-ton  truck  of  good  design  is  shown  at  Fig.  23.  As  is 
usual  in  construction,  the  motor  and  clutch  are  one  unit  while  the 
gear  box  is  an  entirely  independent  member  carried  by  a  sub- 
frame.  A  short,  driving  shaft  transmits  the  engine  power  from 
the  clutch  to  the  front  end  of  the  gear  box.  Owing  to  the  length 
of  the  frame  the  drive  from  the  gear  box  to  the  worm  gear  axle 
is  through  two  short  shafts  and  three  universal  joints.  The 
motor  is  32.5  horse  power.  The  cylinders  are  cast  in  pairs  and 
are  4J4  inches  bore  and  Slj  inches  stroke.  The  clutch  is  a 
multiple  disc  type.  The  change  speed  gearing  gives  four  for- 
ward speeds  and  one  reverse.  The  frame  is  built  up  of  rolled 
steel  structural  shapes.  The  wheel  base  is  163  inches.  The 
front  wheels  are  provided  with  36  x  6-inch  single  solid  tires  and 
40  x  6-inch  dual  solid  tires  are  installed  on  the  rear  wheels. 
The  chassis  weight  is  given  as  8,000  pounds,  and  a  possible 
speed  of  10  miles  per  hour  is  obtained  on  the  high  gear. 

A  5-ton  truck  of  radically  different  design  from  that  previously 
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described  is  shown  at  Fig.  24.  In  this  the  final  drive  to  the 
rear  wheels  is  by  chain  and  sprockets  instead  of  by  the  usual 
shaft  and  gearing  in  the  rear  axle.  The  motor,  which  is  rated 
at  32.5  horse  power,  is  mounted  at  the  front  end  of  the  rolled 
steel  frame.  A  cone  clutch  is  installed  as  a  unit  with  the  motor, 
this  transmitting  power  by  a  shaft  to  a  four-speed  gear  box 
which  is  mounted  as  a  unit  with  the  countershaft  construction. 
The  primary  drive  from  the  change  speed  gearing  is  to  bevel 
gears  which  turn  a  differential  assembly  from  which  the  shafts 
project  to  the  sides  of  the  frame,  the  shaft  ends  carrying  the 
small  driving  sprockets.  The  rear  wheels  are  driven  by  large 
sprockets  securely  bolted  to  the  spokes,  and  are  turned  by  the 
countershaft  through  the  medium  of  heavy  roller  chains.  The 
engine  bore  is  Al/2  inches  and  the  stroke  is  6}/2  inches.  The 
truck  has  151  inches  wheel  base.  The  front  wheels  are  provided 
with  36  x  6-inch  single  tires  and  the  rear  with  40  x  6-inch  dual 
solid  tires. 

A  very  successful  type  of  5^2-ton  truck  is  shown  at  Fig.  25. 
In  this  design  the  power  plant  is  mounted  ahead  of  the  radiator 
instead  of  behind  it,  as  is  the  usual  practice.  The  motor  is 
rated  at  40  horse  power  and  has  cylinders  5  inches  bore  and 
6  inches  stroke.  The  power  is  transmitted  through  a  plate 
clutch  to  a  three-speed  gear  box  by  means  of  a  double  universally 
jointed  drive  shaft.  The  gear  box  is  incorporated  with  the 
countershaft  following  the  usual  design  practice  for  double  side 
chain  drive.  Two  sets  of  brakes  are  provided,  one  set  acting  on 
drums  fastened  to  the  sprockets  at  the  countershaft  end,  while 
the  other  set  acts  on  the  brake  drum  of  the  rear  axle.  The 
advantage  claimed  for  the  chain  drive  construction  is  that  a  very 
much  lighter  rear  axle  can  be  used  which  reduces  the  amount 
of  unsprung  weight,  and  in  addition  the  power  is  applied  close 
to  the  rim  of  the  wheel  or  the  point  of  contact  of  the  rear  tire 
and  the  ground.  This  advantage  is  shared  by  the  internal  gear 
drive  form  of  rear  axles,  but  these  members  must  be  heavier 
than  the  simple  dead  axle  form  used  with  chain  drive.  The 
wheel  base  of  the  truck  is  180  inches.  The  front  wheels  have 
36  x  6-inch  single  solid  tires,  the  rear  wheels  40  x  6-inch  dual 
tires. 

Body  Weight  Allowances. — Any  motor  truck  is  composed  of 
two  assemblies :  the  chassis,  which  is  the  name  given  to  the  en- 
tire mechanism,  and  the  body,  which  is  that  part  of  the  truck  in 
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which  the  load  is  placed.  Any  structure  distinct  from  the  chassis, 
whether  it  is  a  framework,  platform,  or  box  type,  may  be  con- 
sidered as  the  truck  body.  Inasmuch  as  the  motor  truck  has 
been  adapted  to  a  wide  variety  of  industrial  uses,  one  can  expect 
that  a  great  variety  of  body  structures  have  been  developed, 
each  of  the  types  being  thought  best  suited  for  the  work  it  is 
to  perform.  Bodies  may  be  of  relatively  simple  construction  or, 
at  the  other  hand,  may  be  quite  complicated,  such  as  the  refrig- 
erator types  used  for  hauling  perishable  products. 

Steel  bodies  of  standard  forms  are  now  making  their  appear- 
ance for  contractor's  use,  and  some  of  the  quantity  producers 
of  light  trucks  use  sheet  steel  extensively  in  the  construction 
of  alt  their  bodies.  The  usual  form  is  a  composite  structure 
built  up  of  wood  and  metal.  The  former  material  is  just  as 
widely  used  for  motor  truck  bodies  as  it  was  for  horse-drawn 
wagons.  When  a  special  body  design  is  called  for  it  can  be 
executed  more  economically  and  quicker  in  wood  than  in  any 
^ther  material.  Combination  bodies,  to  be  described  in  proper 
sequence,  offer  advantages  that  are  valuable  because  by  the  re- 
moval or  addition  of  easily  handled  structural  parts  the  owner 
i|  enabled  to  have  bodies  suitable  for  different  work  at  short 
notice. 

The  important  point  to  consider  in  body  construction  is  to 
secure  strength  without  having  excessive  weight,  because  there 
art*  certain  well-defined  limits  beyond  which  it  is  not  desirable 
lo  go.  An  excessively  heavy  body  will  reduce  the  total  carrying 
capacity  of  the  truck  by  the  amount  of  weight  that  may  be 
considered  surplus.  One  of  the  large  motor  truck  manufac- 
turers allows  the  following  maximum  weights  for  various  carryr 
ing  capacity  trucks: 


of  Truck  Maximum  Weight- 

in  pounds  body  permissible 

2.000   1.000 

3.000   1.250 

4.000   1.500 

6,000    2,000 

9,000   2.250 

10,000   2.500 

The  following  table  of  body  weight  allowances  is  that  adopted 
by  the  National  Automobile  Chamber  of  Commerce,  and  the 
weights  given  apply  to  both  electric  trucks  and  those  propelled 
b.  internal  combustion  motors: 


Digitized  by  Google 


56  The  Motor  Truck 

BODY  WEIGHT  ALLOWANCES 

Capacity  of  Body  Weight  Capacity  of  Body  Weight 

Vehicle  Allowance  Vehicle  Allowance 

in  tons  in  pounds  in  tons  in  pounds 

y2   600  454  1750 

1    900  5   1,800 

VA  1,050  6   1.900 

2   1,200  7   2,000 

2y2  1,350  8   2.100 

3   1.500  9   2.200 

3y2  1,600  10    2,300 

4   1,700 

The  wood  generally  used  in  truck  body  construction  is  oak  oi 
ash,  because  of  its  strength,  and  the  floors  are  often  reinfon  . 
by  a  series  of  metal  strips.    Fore-and-aft  sub-sills  are  fasten v 
to  the  top  of  the  chassis  frame  members,  to  form  the  foundation 
for  the  cross  members  which  are  called  bolsters  and  to  which 
the  floor  planking  is  attached.    The  number  of  bolsters  use- 
varies  according  to  the  load  to  be  carried  and  the  length  of  t'ip 
frame.    In  all  cases  the  bolsters  are  attached  to  the  fore-and-aft 
sills  by  bracing  irons  just  as  used  in  ordinary  wagon  construc- 
tion.  Naturally,  the  motor  truck  platform  varies  with  the  ca*  ic- 
ity  of  the  vehicle.    A  platform  for  a  one-ton  truck  will  vary 
from  64  to  70  inches  wide  and  from  90  to  100  inches  long.  The 
larger  bodies  such  as  used  on  a  five-  or  six-ton  chassis  maj  be 
90  inches  wide  and  over  200  inches  long.    Floor  traps  must  he- 
provided  in  the  platform  to  give  access  to  the  transmission  and 
rear  axles,  and  these  removable  sections  must  be  designed  :-o 
they  may  be  handled  without  too  much  trouble  to  insure  that 
inspection  of  the  units  of  the  chassis  mechanism  beneath  tl  ic 
body  will  not  be  neglected. 

Though  motor  truck  wagon  work  may  exist  in  a  large  number 
of  designs,  all  of  these  may  be  divided  into  one  of  four  main 
classifications.  These  are  stationary,  which  includes  all  rack, 
platform,  express  and  van  body  types.  The  movable  bodit  in- 
clude special  elevating  and  dumping  designs.  Demoun  »le 
bodies  are  those  forms  in  which  portions  may  be  easily  removed 
without  disturbing  the  main  sills  or  platform,  such  removable 
bodies  carrying  the  load  and  being  of  such  a  design  that  thi*y 
can  be  replaced  with  others  of  similar  pattern  that  are  not 
loaded.  All  other  forms  may  be  grouped  in  a  special  I  ly 
classification. 
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Body  Builders'  Dimensions. — Body  builders  must  have  certain 
dimensions  to  work  with  in  order  to  fit  any  specific  chassis.  For 
this  reason  all  of  the  leading  truck  manufacturers  furnish  what 
is  known  as  body  builders1  drawings  and  specifications.  A  typi- 
cal set,  such  as  furnished  by  the  Four-Wheel-Drive  truck  makers 
for  their  three-ton  truck,  is  shown  at  Fig.  26  with  the  principal 
(l  i  m  elisions. 

BODY   BUILDERS'  DIMENSIONS 


F.  W.  D.  TRUCK 

Long 

3-Ton  Truck                            Stamlar.l  Wheel  Base 

inches  inches 

Wheel  Base    124  156 

Frame  Length    200  248 

Overall  of  Car    215  263 

Tread    56  56 

A   Back  of  Seat   136  184 

B    Over  Floor  Trap    60  60 

C   To  Floor  Trap    8»4  Wa, 

D   Clearance  Back  of  Seat    6  6 

F    Rear  Wheels  to  End  of  Frame..  39  55 

F    Front  Wheels  to  End  of  Frame..  37  37 

G    Clearance  under  Transmission  15  15 
H    Clearance  under  the  Rear  Axle 

Housing    9»VJ6  9"i6 

.1    Depth  of  Frame    1%  5% 

K    Depth  of  Subsill    5  5 

L    Depth  of  Cross  Stringer    Z%  2% 

If    Tires    36  36 

N    Height  of  Frame  at  Rear 

(Loaded)   37  37 

N    Height  of  Frame  at  Rear  (Un- 
loaded)   39  39 

0    Height  over  Seat  (Loaded)   81  81 

0    Height  over  Seat  (Unloaded)...  82  82 

P    Top  of  Seat  to  Top  of  Frame. . . .  44?^  W/2 

Q    Top  of  Dash  to  Top  of  Frame...  37%  37Vm 


R    Top  of  Radiator  to  Top  of  Frame     31%  31% 


S    Front  of  Radiator  to  Dash   14^4  14»4 

T    Dash  to  Front  of  Seat    19%  19% 

U    Depth  of  Seat   18%  18% 

V  Back  of  Seat  over  Tank  Bracket  15J4  15'4 

\V    Diameter  of  Tank   12%  12% 

X  Back  of  Seat  Frame  over  Tank 

Bracket    2%  2% 

Y  Overall  Width  of  Seat   43%  43% 

Z    Overall  Length  of  Tank    42  42 
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Long 
W  heel  Base 

3-Ton  Truck 

Standard 

inches 

inches 

AA 

Width  over  Running  Boards. . 

.  68 

68 

BB 

Width  Trap   

24 

24 

CC 

Width  over  Hubs   

.  7oy2 

7oy> 

DD 

Width  FYame   

.  36 

36 

EE 

Length  of  Running  Boards  

.  48 

48 

FF 

Thickness  Cross  Stringer   

2 

2 

GG 

Thickness  Subsill   

•  2y2 

2'A 

HH 

2 

2 

The  standard  Packard  truck  body  with  removable  slatted  racks 
and  gate  is  shown  at  Fig.  27,  and  the  dimensions  of  this  type 
body  for  the  various  capacity  chassis  produced  by  this  maker 
may  be  readily  ascertained  from  the  accompanying  table . 


Fig.  27.— The  Packard  Standard  Slatted  Removable  Gate  Body. 


Open  Body  Forms. — Through  the  courtesy  of  the  Locomo- 
bile Company,  who  build  the  Riker  truck,  it  is  possible  to  present 
a  wide  variety  of  body  designs  that  are  available  to  purchasers 
»if  these  trucks.  The  platform  body  shown  at  Fig.  28,  A,  is  the 
simplest  possible,  form.  It  has  a  length  of  12  to  15  feet  and  is 
<\  feet  6  inches  wide.  This  is  suitable  for  carrying  lumber, 
cord  wood,  marble  and  cut  stone,  mason's  supplies,  shingles, 
baled  hay,  sheet  steel,  expanded  metal  and  goods  in  boxes  or 
large  crates.  It  can  also  be  employed  to  advantage  for  heavy 
timbers,  contractor's  skips,  machinery,  safes,  and  for  the  use  of 
nurseries  in  handling  trees.  The  body  shown  at  B,  Fig.  28,  is 
similar  to  that  shown  above,  but  has  stakes  added  to  it  which 
may  be  long  or  short  and  with  or  without  chains,  as  desired. 
By  the  removal  of  the  side  and  end  stakes  the  plain  platform 
type  body  is  obtained.  The  driver's  cab  with  curtains  may  be 
ntted  with  any  form  body  of  the  open  type,  as  it  is  a  detachable 
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Fig.  28. — Diagram  Showing  a  Variety  of  Motor  Truck  Bodies  Suited  for 

Freight  or  Transfer  Duty. 


unit.    The  length  of  the  body  shown  is  12  feet  9  inches;  its 
width  is  6  feet  and  height  of  the  stakes  2  feet  6  inches. 

The  combination  platform  body,  shown  at  C,  is  suitable  for 
practically  all  of  the  work  the  two  previously  described  are 
except  the  handling  of  lumber,  marble  and  cut  stone.  It  is  well 
suited  for  all  boxed  or  barreled  material  and  bottled  or  chemical 
goods  in  cases,  and  for  general  contracting.    It  may  be  had 
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Grocery  Body. 


B 


Paneled  Express  Body. 


□ 


VanA  Body. 


Fig.  29. — Examples  of  Express  and  Van  Body  Designs. 

with  or  without  signboards  and  cab.  The  winged  and  slatted 
side  sections,  of  which  three  are  provided  on  each  side,  may  be 
removed,  if  desired,  and  a  plain  platform  truck  obtained. 

The  transfer  body  outlined  at  D  has  winged  panels  and  re- 
movable stake  gate  at  the  sides,  with  a  paneled  end  gate.  This 
is  recommended  for  handling  coal  in  bags,  hardware,  brick,  ice- 
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cream,  and  also  for  meat  packers.  It  is  also  useful  in  moving 
milk  in  large  cans,  concrete  pipe  and  blocks,  and  for  furniture 
and  piano  moving.  The  body  is  12  feet  8  inches  long,  5  feet  8 
inches  wide,  and  2  feet  6  inches  high,  all  these  being  inside 
dimensions. 

Covered  Body  Designs. — A  group  of  covered  bodies  is  shown 
at  Fig.  29.  That  depicted  at  A  is  known  as  a  "grocery"  body, 
and  has  combination  panel  and  removable  stake  sides  with  end 
.srates.  It  has  a  permanent  canopy  top,  which  extends  over  the 
driver's  seat,  and  which  is  provided  with  side  curtains.  It  is 
recommended  for  the  use  of  wholesale  grocers  and  drug  houses 
or  firms  handling  similar  lines  of  goods  which  come  in  pack- 
ages of  a  wide  variety  of  shapes  and  sizes.  The  side  stakes 
permit  loading  or  unloading  from  the  front.  The  paneled 
express  body,  shown  at  B,  has  a  fixed  top  and  driver's  cab,  with 
rolled  curtains.  A  wire  screen  side  is  provided  between  the 
panels  and  the  roof.  The  tail  gate  is  adjustable  and  may  be 
dropped  down  to  facilitate  loading,  and  the  wire  screen  frame 
between  the  tail  gate  and  the  roof  is  also  adjustable.  The  van 
body  shown  at  C  is  fully  enclosed  with  solid  paneled  sides  and 
a  permanent  top  which  extends  over  the  driver's  seat.  A  large 
solid  tail  gate  is  provided.  This  van  body  is  suitable  for  storage 
warehouses  and  furniture  moving  for  department  stores,  and  for 
handling  all  light,  bulky  material.  The  body  is  14  feet  long,  7 
feet  wide  and  about  7  feet  high,  inside  measurement. 

Special  Purpose  Bodies. — A  group  of  special  purpose  bodies 
is  shown  at  Fig.  30.  That  at  A  is  suitable  for  brewers,  bottlers, 
mineral  water  manufacturers,  or  for  any  material  carried  in 
small  crates,  cases  or  boxes.  It  can  be  used  for  handling  liquids 
in  barrels,  and  also  solid  materials  such  as  lime,  cement,  flour, 
sugar,  etc.,  carried  in  the  same  kind  of  containers.  The  ice- 
dealers'  body,  shown  at  B,  has  low  paneled  sides,  with  the  posts 
outside,  a  running  board  at  the  side,  and  a  large  drop  tail  gate. 
This  body  can  be  used  to  advantage  by  wholesale  and  retail  ice 
dealers,  for  carrying  coal  or  coke  in  bags,  for  handling  firewood 
in  stove  lengths,  milk  and  cream  in  cans,  cement  or  lime  in  bags, 
etc.  It  is  12  feet  long,  5  feet  8  inches  wide,  and  4  feet  high. 
The  metal  body,  especially  designed  for  dairy  use,  shown  at  C, 
is  a  sheet  metal  refrigerator  type  box  body  with  steel  roof,  and 
Having  clamping  side  doors.  It  is  suitable  for  handling  milk  and 
cream,  ice,  ice-cream,  and  similar  materials.    It  is  11  feet  11 
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Fig.  30.— Typical  Special  Duty  Bodies. 

inches  long,  6  feet  5  inches  wide,  and  4  feet  high.  It  can  be 
had  with  a  rail  around  the  roof,  for  carrying  extra  cases  of 
bottled  milk. 

Two  forms  of  bodies  for  handling  heavy  materials  are  shown 
at  Fig.  31.  That  at  A  is  known  as  the  "brewery"  body  and  has 
paneled  sides,  with  flare  boards  on  tup  and  a  driver's  cab.  It 
has  removable  stakes  at  the  sides  and  a  rear  end  gate.  It  is 
suitable  for  carrying  all  barreled  liquids.  The  self-dumping  coal 
body,  shown  at  B,  is  of  steel,  having  a  sloping  bell  and  chutes 
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at  both  sides.  It  is  suitable  for  coal,  sand,  gravel,  ashes  and 
material  of  that  nature.  It  is  12  feet  \\l/2  inches  long,  6  feet  2]/2 
inches  wide,  and  3  feet  1  inch  high,  inside  measurement. 

Bus  Body  Designs. — Three  forms  of  passenger-carrying  bodies 
are  shown  at  Fig.  32.    That  at  A  is  the  double-deck  bus  body, 


Fig.  31.— Body  Design  Shown  at  A  Suitable  for  Brewery  Use.   That  al 
B  is  a  Special  Self-Dumping  Coal  Body. 


similar  to  the  form  used  on  Fifth  Avenue,  New  York  City,  and 
in  London.  It  may  be  had  with  the  open  smoker's  compartment, 
as  shown,  or  completely  enclosed.  The  body  is  a  wood  and 
metal  structure,  having  a  rear  platform  of  metal,  and  stairs  of 
that  material  leading  to  the  upper  deck.  It  is  suitable  for  city 
passenger  service  or  as  a  railroad  feeder.  The  capacity  is  fifty 
persons,  twenty-four  in  the  main  body  and  twenty-six  on  the 
upper  deck.  The  design  shown  below  it  at  B  is  a  single-deck 
hus  which  is  also  a  composite  wood  and  metal  body  construc- 
tion. All  windows  may  be  dropped  and  are  provided  with  shades 
and  alternate  windows  have  top  ventilators.  The  driver  is 
completely  enclosed.    This  type  is  suitable  for  city  and  sub- 
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Double  Deck   Bus  Body 


Single  Deck  Bus 


Fig.  32. — Examples  of  Motor  Bus  Bodies.  Type  at  A  is  English  Design 
or  Fifth  Avenue  Bus  Type.  That  at  B  is  a  Form  Very  Popular  on 
the  Paris  Boulevards.  That  Illustrated  at  C  is  a  Double  Deck  Form 
Used  in  Chicago. 

urban  passenger  service,  and  for  renting  to  theater  parties, 
schools,  institutions,  film  companies,  etc.  This  form  of  bus  is 
extensively  used  in  Paris. 
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A  motor  bus  with  a  covered  upper  deck  has  made  its  appear- 
ance in  Chicago  as  a  part  of  the  fleet  of  the  Chicago  Motor  Bus 
Co.  It  is  shown  in  Fig.  32,  C,  and  differs  radically  in  construc- 
tion from  the  New  York  or  Paris  types  of  bus.  The  description 
which  follows  is  taken  from  "Automotive  Industries."  Mechani- 
cally, it  is  the  same  as  those  that  have  been  operated  there  for  the 
past  three  years.  Like  the  older  type,  it  has  the  front  wheel 
drive,  the  floor  on  a  level  with  the  curbing  for  convenience  and 
speed  in  taking  on  and  off  passengers,  and  the  covered  straight 
stairway  that  is  safer  than  the  winding  and  exposed  one.  The 
difference  lies  in  the  covered  top  with  glass  windows  in  the 
sides,  and  in  the  seating  capacity.  Whereas  the  older  type  of 
vehicle  would  accommodate  51  passengers  with  seats,  the  new 
bus  seats  60.  Instead  of  the  22  enclosed  downstairs  seats  in 
the  old  style  bus,  there  are  60  enclosed  and  protected  seats,  24 
below  and  36  above. 

The  length  of  the  car  is  25  feet,  the  width  7  feet  6  inches, 
and  the  height  from  roadway  when  unloaded,  12  feet  11  inches, 
and  12  feet  8  inches  when  filled.  The  wheel  base  is  176  inches, 
height  of  the  lower  deck  from  the  roadway  being  12^4  inches. 
Both  decks  are  lighted  electrically  by  current  from  a  generator 
driven  by  the  engine.  The  vehicle  is  heated  by  exhaust  gases 
from  the  engine,  which  pass  through  pipes  placed  near  the  floor 
in  the  lower  interior  of  the  car.  The  front  tires  are  6-inch 
singles,  while  those  in  the  rear  of  the  same  size  are  duals.  The 
power  unit  is  the  American  Motor  Bus  Company  standard  type 
of  front  wheel  drive,  made  detachable  and  with  a  constant  mesh 
transmission.  The  worm  drive  also  is  used.  The  brakes  act 
on  the  rear  wheels  and  have  approximately  500  square  inches  of 
braking  surface.  However,  the  salient  feature  of  the  new  bus 
is  the  roof  over  the  upper  deck.  This  cover  is  light  and  is  not 
too  high  to  easily  clear  elevated  structures  and  trolleys  under 
which  it  must  pass.  Because  of  the  low  level  of  the  upper  deck 
the  center  of  gravity  in  relation  to  the  roadway  is  low,  thus 
minimizing  unpleasant  swaying. 

The  front  wheel  drive  and  low  hung  body  make  the  stepless 
feature  possible.  It  allows  the  passenger  to  enter  or  leave  the 
bus  directly  from  the  surface  of  the  sidewalk.  The  only  steps 
in  the  vehicle  are  those  leading  to  the  upper  deck.  They  are 
straight  and  enclosed. 
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Dump  Body  with 
Hydraulic  Hoist. 


Vv<:.  Hand  Dumped  Body. 


Lumber  Trade 
Body. 


Fig.  33.— Special  Bodies  for  the  Coal  Business  are  Shown  at  A,  B  and  C, 
While  A  Distinctive  Design  to  Facilitate  Handling  of  Lumber  is 
Shown  at  D. 

Dump  Bodies. — Several  interesting  forms  of  movable  bodies 
are  shown  at  Fig.  33.  That  at  A  is  a  dump  body,  provided  with 
a  hydraulic  hoist.  The  body  is  of  steel  and  it  will  hold  four 
tons  of  crushed  rock  or  three  of  soft  coal.    It  may  be  tilted  to  a 
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45  degrees  angle  and  the  steel  tail  gate  operates  automatically 
to  permit  discharge  of  the  load.  This  type  body  is  a  popular  one 
with  excavating  contractors.  The  length  inside  is  9  feet  Sy2 
inches,  the  width  is  5  feet  6  inches,  and  the  height  2  feet.  The 
sheet  steel  body  at  B  is  a  hand-dumped  type,  the  front  being 
elevated  through  a  curved  rack  and  a  pinion  which  is  turned 
by  reduction  gearing  operated  by  a  hand  crank.  It  is  suitable 
for  the  same  material  as  the  dump  body  with  hydraulic  hoist 
shown  above  it.  A  self-dumping  coal  body,  which  is  an  all-steel 
construction,  is  shown  at  C.  This  depends  on  the  gravity  prin- 
ciple of  unloading  just  as  the  body  outlined  at  Fig.  31,  B,  does. 
It  is  suitable  for  the  same  kind  of  work,  but  is  sometimes  pre- 
ferred because  of  the  greater  height  of  the  chute  doors  from 
the  ground,  which  assist  in  its  self-dumping  qualities  in  many 
instances.  The  three-ton  body  has  120  cubic  feet  capacity. 
The  four-ton,  160  cubic  feet  capacity. 

The  lumber  body,  shown  at  Fig.  33,  D,  is  suitable  for  handling 
long  timbers  or  planks  in  quantity.  It  is  provided  with  rollers 
and  side  guards  and  is  a  very  satisfactory  form  for  loading  lum- 
ber where  trailers  are  impracticable  or  prohibitive.  It  may  also 
be  used  for  handling  pipe,  poles  or  other  long  material.  It  is 
15  feet  3  inches  long,  5  feet  8  inches  wide.  The  front  stake  is 
4  feet  6  inches  and  the  rear  stake  2  feet  4  inches  high. 

Semi-Tractor  Bodies. — The  utility  of  the  semi-tractor  outfit 
has  been  recognized  by  many  manufacturers  and  two  forms  are 
shown  at  Fig.  34.  That  at  A  is  a  wood,  bottom-dumping,  two- 
wheel  trailer  with  very  large  and  wide  steel-tired  wheels.  The 
front  end  is  supported  by  a  fifth  wheel  or  turntable  arrangement 
on  the  tractor.  This  outfit  is  well  suited  for  contractors  and  for 
handling  any  kind  of  material  that  can  be  hauled  profitably  in  a 
dump  body.  It  is  sometimes  necessary  to  haul  very  bulky  and 
heavy  merchandise,  and  also  machinery  and  large  slabs  of  cut 
stone  which  would  call  for  the  expenditure  of  considerable  energy 
to  raise  to  a  platform  of  the  usual  height.  The  low  gear,  semi- 
tractor  outfit  shown  at  Fig.  34,  B,  is  a  practical  solution  of  the 
heavy  hauling  problem. 

Tank  Bodies. — Two  interesting  designs  of  tank  bodies  are 
shown  at  Fig.  35.  That  at  A  is  a  plain  sheet  steel  tank,  which 
is  held  in  notched  bolsters  by  steel  bands.  Any  number  of  top 
filler  openings  and  rear  outlets  may  be  provided  and  the  tank 
may  be  round,  oval,  or  rectangular  in  cross  sections,  and  be 
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divided  to  any  reasonable  number  of  compartments  suitable  for 
hauling  water  or  for  oils,  gasoline,  kerosene,  and  other  liquids 
of  that  nature.  The  standard  three-ton  chassis  accommodates 
a  750-gallon  tank,  while  the  four-ton  will  carry  1,000  gallons. 
The  wooden  tank  body,  shown  at  B,  is  suitable  for  oils,  vinegar, 


Fig.  35. — Typical  Tank-Body  Designs  for  Transforming  Liquids.  Three 
Compartment  Body  With  Shelves  and  Rear  Closet  to  Carry  Oil 
Cans  and  Measures  Suitable  for  the  Oil  Trade.  At  B,  a  Wood-Tank 
Body  for  Carrying  Liquids  that  Will  Attack  Metal  with  Special 
Transfer  Pump  Attached  is  Shown. 


hrinc,  malt  liquors,  and  bulk  transportation  of  any  liquid.  It  is 
equipped  with  a  power-driven  centrifugal  pump  for  filling  pur- 
poses; sizes  vary  with  truck  capacity  and  weight  of  material 
to  be  hauled.  The  tank  diameter  may  be  anything  up  to  5  feet 
and  the  length  up  to  15  feet. 

Selden  Five-in-One  Combination  Body. — A  combination  con- 
vertible body  for  truck  chassis  has  been  developed  by  the  Selden 
Truck  Sales  Co.,  and  is  illustrated  at  Fig.  36,  which  can  be 
supplied  to  order  with  Selden  machine,  which  is  claimed  to  meet 
satisfactorily  practically  all  the  needs  for  general  haulage.  It  is 
especially  suited  for  farm  work  where  the  loads  carried  vary 
widely  in  bulk,  and  converted  as  necessary  the  machine  may  be 
made  very  economical  and  of  time  and  labor.  In  the  accom- 
panying illustration  a  one-ton  Selden  special  chassis  is  shown 
equipped  with  this  body,  which  is  known  as  the  "Five-in-One." 
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Fig.  36. — Special  Combination  Body  on  One-and-One-Half  Selden  Spe- 
cial Chassis.  View  at  A  Shows  the  Body  with  Rack  Sides  and  Top 
Hoops.  View  at  B  Shows  Use  of  the  Body  When  Raised  by  the 
Hand-Operated  Mechanical  Hoist. 
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This  body  can  be  as  required  a  platform,  express,  open  stake 
and  rack,  covered  stake  and  rack  and  end-discharge  or  dumping, 
and  as  illustrated  at  A  the  body  is  complete.  The  conversion 
can  be  made  quickly  and  without  special  tools  or  heavy  labor. 
The  platform  is  constructed  to  have  space  120  inches  long  and 
44  inches  wide,  with  the  sides  and  ends  in  place.  The  sills  and 
bolsters  are  oak  and  the  floor  and  the  side  panels  are  yellow 
pine  ]4  inches  thick,  reinforced  with  ten  gauge  guard  irons.  The 
stakes  are  oak,  1)4  x2j£  inches,  and  the  stake  panels  are  %-inch 
yellow  pine.  As  constructed  the  body  has  a  permanent  front  end 
or  panel,  but  the  sides  and  tail  gate  are  removable,  the  sides 
being  mounted  with  stakes  seated  in  pockets. 

The  platform  without  the  sides  and  tail  gate  can  be  utilized 
for  hauling  brush,  logs,  cordwood,  farm  machinery,  etc.,  and 
with  the  addition  of  the  14-inch  sides  and  tail  gate  it  becomes  a 
standard  type  open  express  body  that  can  be  used  for  general 
purposes.  As  this  body  can  be  elevated  by  a  manually  operated 
hoist,  as  outlined  at  B,  it  can  be  used  for  hauling  grain,  sand, 
gravel,  coal  or  any  commodity  that  can  be  quickly  discharged. 
Fertilizer  can  be  hauled  and  piled  or  spread  as  may  be  desired. 
With  these  bodies  contract  work  can  be  undertaken  with  reason- 
able certainty  of  good  returns.  The  rack  sides  and  ends  can 
be  quickly  installed  in  the  sockets  on  the  sides  and  the  edges 
of  the  platform,  and  the  body  is  then  adapted  for  carrying  light 
and  bulky  loads,  or  it  is  suited  for  carrying  cattle  if  these  are  to 
be  transported  such  a  distance  that  walking  would  cause  a  shrink- 
age of  weight. 

If  the  loads  are  to  be  made  up  of  fruit  or  vegetables,  such  as 
berries,  peaches,  grapes,  tomatoes,  celery,  asparagus,  melons,  or 
farm  crops  that  can  be  placed  in  baskets  or  crates,  racks  or  light 
platforms  placed  between  tiers  will  effectually  prevent  damage. 
In  the  event  of  storm  a  tarpaulin  cover  may  be  supported  by 
three  top  bows  of  three-quarter-inch  iron  pipe,  the  ends  of  which 
fit  into  top  sockets  in  the  stakes,  these  bows  being  maintained  in 
position  by  oak  battens  two  inches  wide. 

Four-in-One  Truck  Body.— A  type  known  as  "Four-in-One" 
bodies  for  power  trucks  is  now  built  commercially  by  the  Simplex 
Mfg.  Co.,  of  Conneautville,  Pa.  This  body  is  constructed  to  a 
standard  design  and  is  adapted  for  chassis  from  1  to  ?>y2  tons. 
The  body  can  be  used  for  a  great  diversity  of  work,  as  it  may 
be  at  will  a  clear  platform,  stake  platform,  express  or  cnd-dis- 
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charging,  the  time  required  for  conversion  being  very  brief.  The 
body  is  strongly  built  of  high  grade  materials,  and  it  is  rein- 
forced with  steel  angles  and  straps  to  obtain  maximum  strength 
with  comparatively  light  weight  and  to  protect  it  against  wear. 
It  is  built  on  a  series  of  seven  bolsters  that  are  mounted  on  the 
side  sills,  and  these  sills  are  hinged  at  the  rear  of  the  chassis 
frame  and  are  carried  on  the  hinges  and  two  crossbars.  The 
deck  of  the  platform  is  encircled  with  a  heavy  steel  strap,  and  at 
the  front  and  the  sides  are  a  series  of  stake  pockets  formed  in 
the  deck  with  strong  reinforcements  at  either  side  of  each  pocket. 

The  sides,  front  and  tail  gate  are  15  inches  high,  with  the 
sides  formed  with  flare  boards,  and  the  standard  inside  dimen- 
sions are  from  90  to  138  inches  long  and  from  52  to  58  inches 
wide.  The  tail  gate  is  either  dropped  to  any  desired  angle  or 
;t  may  be  swung  from  the  top  and  retained  with  a  latch  until 
the  cargo  is  to  be  discharged.  The  chassis  is  fitted  with  a  manu- 
ally operated  hoist,  the  lift  being  by  a  cable  wound  on  a  shaft 
and  actuated  by  a  hand  crank  through  a  train  of  gears.  State- 
ment is  made  that  the  body  can  be  elevated  to  maximum  height 
in  forty  seconds,  and  lowered  in  even  less  time.  The  tower  of 
the  hoist  is  heavily  built  and  yet  requires  but  nine  inches  space 
back  of  the  driver's  seat  or  cab.  The  manufacturer  claims  that 
the  body  can  be  converted  from  an  express  type  to  a  clear  plat- 
form in  approximately  three  minutes,  and  that  the  platform  or 
stake  platform  can  be  converted  to  an  express  type  in  a  very 
brief  time.  The  body  is  particularly  adapted  for  farm  work, 
for  contractors'  use,  or  for  any  service  where  a  series  of  bodies 
would  ordinarily  be  necessary  to  obtain  maximum  efficiency. 

Industrial  Trucks. — Several  distinctive  types  of  small  motor 
trucks  propelled  by  either  electric  or  gas  engine  power  have  been 
designed  to  replace  wheelbarrows,  hand  trucks,  and  other  means 
of  transportation  within  the  buildings  of  a  factory  warehouse 
or  manufacturing  plant,  and  in  the  yards  surrounding  these 
buildings  where  standard  size  trucks  could  not  be  used  on  ac- 
count of  the  lack  of  economy  of  such  vehicles  on  very  short 
haul  work.  These  industrial  trucks  and  tractors  provide  a  wide 
variety  of  industries  with  quick,  economical  and  adequate  inter- 
departmental transportation.  Most  of  the  industrial  trucks  have 
sufficient  tractive  ability  so  that  they  can  haul  ordinary  forms  of 
hand-drawn  trucks  or  specially  constructed  vehicles  as  trailers, 
and  thus  increase  their  carrying  capacity. 
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A  special  form  of  gasoline  truck  tractor,  designed  especially 
for  industrial  use,  is  shown  at  Fig.  38.  The  view  at  A  is  a  plan 
of  the  chassis,  showing  the  location  of  the  various  parts  com- 
prising that  assembly,  while  the  cut  below  it  shows  the  com- 
pleted vehicle  equipped  with  a  steel  box  or  cargo  body.  The 
machine  is  a  three-wheel  form,  the  power  being  transmitted  to 
the  two  front  wheels  through  the  medium  of  an  internal  gear 


Fig.  38.— View  at  A  Sh  ows  the  Chassis  of  the  Clark  Truck  Tractor.  A 
Gasoline  Engine  Driven  Type  Suited  for  Industrial  Use  in  Factory 
Yards  and  for  Interdepartment  Communication.  Side  View  of  Truck 
at  B  Shows  Unconventional  but  Strong  Design. 


reduction  axle,  while  the  single  rear  wheel  which  is  mounted  in 
a  modified  form  of  bicycle  fork  permits  of  turning  the  truck 
around  sharp  corners.  It  is  a  short  wheel  base,  especially  de- 
signed for  use  in  factories  where  the  aisles  are  narrow,  turns 
sharp,  and  where  constant  transportation  of  raw  materials  or 
goods  in  process  is  necessary.  The  truck  tractor  has  a  carrying 
capacity  of  one  and  a  half  tons  and  sufficient  tractive  ability  to 
pull  heavily  loaded  trailers  at  the  same  time.  It  is  simple  in  de- 
sign, has  a  low  center  of  gravity,  as  well  as  good  ground  clear- 
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ance.  It  is  but  42  inches  wide,  which  is  narrow  enough  to  pass 
through  most  aisles  and  doorways.  The  ratio  of  speed  provided 
enables  it  to  travel  as  slowly  as  one-fourth  mile  per  hour.  It  may 
be  turned  around  in  a  circle  of  72  inches  radius.  The  ground 
clearance  of  9*/2  inches  makes  it  possible  to  operate  through 
snow,  sand,  and  over  rough  ground,  and  a  maximum  speed  of 
fifteen  miles  per  hour  is  possible,  if  desired. 

The  engine  is  25  horse  power,  4-cylinder  type,  having  L-head 
cylinders  cast  in  a  block  with  a  bore  of  3j^  inches  and  a  stroke 
of  4y>  inches.  Ignition  is  by  high  tension  magneto,  lubrication 
by  circulating  oil  pump  and  cooling  by  the  thermo-syphon  hav- 
ing an  exceptionally  large  radiator  to  prevent  overheating.  The 
clutch  is  a  dry  plate,  multiple  disc  type,  and  the  transmission  the 
usual  three-speed  forward-sliding  gear  pattern.  Both  clutch  and 
transmission  are  combined  with  the  engine  as  a  unit.  The  drive 
from  the  transmission  is  by  a  double  universal  joint  shaft  to  an 
internal  gear  drive  axle.  The  front  springs  are  the  usual  semi- 
elliptic  forms  and  are  underslung,  due  to  the  use  of  a  single  rear 
wheel ;  a  coil  spring  is  carried  in  an  air  cylinder  to  provide  a 
shock-absorbing  feature.  A  specially  large  brake  of  the  external 
constricting  type  acts  on  a  brake  drum  immediately  behind  the 
transmission.  The  wheels  are  single  piece  metal  discs,  and  may 
be  ecjuipped  with  either  solid  rubber  tires  or  with  extra  width 
steel  tires,  provided  with  traction  lugs.  When  rubber  tires  are 
used,  28  x  $y2  are  used  in  the  rear  and  30x3j4  in  the  front. 
The  weight  of  the  cargo  body  type  is  2,050  pounds,  the  wheel 
base  72  inches,  the  tread  35 J/2  inches,  the  overall  length  112 
inches.  The  body  is  50  x  36  x  19  inches.  A  dump  body  type  is 
manufactured  which  has  a  wheel  base  of  84  inches  and  a  weight 
of  2,450  pounds.  The  over-all  length  is  125  inches  and  the  body 
will  hold  one  cubic  yard  of  material.  The  gasoline  consumption 
i>  given  as  three  gallons  per  day  when  used  in  the  average 
manner. 

The  Towmotor,  shown  at  big.  38C,  is  an  industrial  tractor, 
driven  by  a  gasoline  engine,  instead  of  the  usual  electric  motor 
and  storage  batteries.  It  is  designed  to  tow  or  push  standard 
trucks  or  load  carrying  vehicles  or  skids  about  plants  for  twen- 
ty-four hours  per  day.  Gasoline  is  used  as  the  motive  power. 
The  tractor  is  a  rugged,  all  steel  machine,  built  of  the  highest 
isTade  standard  units,  and  able  to  withstand  much  hard  use  and 
al>u»?.   It  is  not  a  remodeled  automobile,  but  has  been  designed 


78 


The  Motor  Truck 


and  built  to  fulfill  the  special  requirements  of  industrial  haulage. 
The  machine  has  sufficient  capacity  to  move  freight  cars  and 
still  operates  economically  on  light  loads.  The  Towmotor  is 
fast,  powerful,  and  requires  but  little  attention.  The  motor 
torque  and  drive  ratios  furnish  a  draw-bar  ability  approximately 
three  times  the  tractive  ability  of  the  tires  over  average  surfaces. 
Under  average  conditions  this  represents  a  trailing  load  of  10 
to  15  tons.   By  special  hook  up  and  traction  arrangements  a  con- 


Fig.  38C. — The  Towmotor  Industrial  Gasoline  Tractor. 


siderably  larger  per  cent  of  the  reserve  torque  of  the  motor  can 
be  utilized  in  such  exceptional  cases  as  spotting;  loaded  freight 
cars. 

The  power  plant  is  a  four-cylinder,  four-cycle,  x  5y2  S.  A. 
E.  rating  22.5  horse  power,  capable  of  delivering  40  horse  power 
at  2,000  r.p.m.  and  is  a  long  stroke  type  with  removable  cylinder 
heads  and  overhead  valves.  Forced  lubrication  to  all  crankshaft 
bearings.  Large  bearing  surfaces  throughout.  All  motor  parts 
fully  enclosed  and  protected  from  dust.  A  centrifugal  type  gov- 
ernor is  integral  with  motor  and  fully  enclosed.  This  is  adjusta- 
ble to  govern  at  suitable  speeds  1,000  to  2,000  r.p.m.  according  to 
plant  conditions.    Battery  type  ignition  with  spark  lever  con- 
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trol  at  steering  column  is  used  and  a  six  volt  starting  motor 
with  automatic  Bendix  type  of  drive  mechanism.  The  clutch  is 
a  ten  inch,  single  plate,  heavy  duty  clutch  which  has  a  simple 
adjustment  and  is  smooth  in  action.  The  gear  is  a  Standard 
selective  type  in  unit  with  motor,  three  speeds  forward,  one  re- 
verse. Standard  automobile  control  with  dust  proof  ball  and 
socket  pivot. 

The  rear  axle  is  a  special  adaptation  of  the  Internal  gear  type 
of  drive  which  is  highly  efficient  for  both  low  speed  breakaway 
pulls  and  light  duty.  Reduction  ratio,  8:1.  Steering  is  by  truck 
type  sliding  block  steering  column,  with  spark  and  throttle  con- 
trol and  horn  button.  Steering  connection  to  front  wheels  only. 
Semi-elliptic  special  steel  springs  at  front  axle  only.  Cast  steel 
disc  wheels  are  used,  shod  with  solid  rubber  tires  pressed  on 
type,  interchangeable  front  and  rear.  Front,  22x3^  Single. 
Rear,  22x3^  Dual. 

The  frame  is  pressed  steel,  four-inch  channel  section,  and  is 
provided  with  heavy  steel  plate  bumpers,  front  and  rear  full 
width  of  chassis,  giving  protection  to  vital  parts  in  case  of  col- 
lision or  pushing  operation.  Front  and  rear  drawbar  hooks  are 
adjustable  in  height.  A  nine  gallon  gasoline  tank  amidships  at 
cowl  furnishes  gravity  feed  to  carburetor.  The  radiator  is  a 
fin  and  tube  type  removable  core  in  cast  sectional  housing.  In- 
ternal expanding  type  brakes  at  rear  wheels  are  controlled  by 
either  hand  lever  or  foot  pedal.   The  specifications  follow: 

Weight,  3,200  pounds;  wheel  base,  60  inches;  length  over  all, 
90  inches;  tread,  44  inches;  width  over  all,  52  inches;  turning 
radius  over  all,  10  feet.  This  permits  practical  operation  through 
seven  foot  aisle  intersections.  Speed  is  one  to  15  miles  per  hour 
and  may  be  controlled  by  governor. 

Electrically  Propelled  Industrial  Trucks. — Two  forms  of  elec- 
trically propelled  industrial  trucks  are  shown  at  Fig.  39.  In  one 
of  these  the  storage  battery  and  the  electric  motors  driving  the 
wheels  are  carried  at  the  front  end  of  the  truck.  In  the  other 
the  storage  battery  is  carried  beneath  the  truck  floor.  The  con- 
trol of  these  is  very  simple.  One  handle  operates  the  current 
controller,  while  the  other  is  employed  for  steering.  The  driver 
stands  erect  on  a  platform  at  the  end  of  the  machine,  and  as  soon 
as  he  steps  off  the  current  is  automatically  interrupted  and  the 
truck  cannot  be  operated  until  the  operator's  weight  brings  the 
platform  to  a  horizontal  position  and  again  closes  the  circuit. 
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All  types  of  electrical  trucks  are  characterized  by  a  short  wneel 
base  and  short  turning  radius,  this  being  attained  either  b 
use  of  three  wheels  or  by  combined  driving  and  directive  .  - 
bers  when  a  four  wheel  drive  is  employed.    The  general  pi.  z'\— 
pies  of  construction  are  the  same  as  used  in  the  full  size  elec- 
trically propelled  trucks,  which  are  described  in  a  special  chapter. 


)  1 

Fig.  39. — Small  Electrically  Propelled  Industrial  Trucks  Used  for  Han- 
dling Baggage,  or  for  Interdepartment  Transportation. 

Ford  Truck  Conversion  Sets. — Another  development  worthy 
of  mention  is  the  large  sale  of  adapters,  special  rear  axles,  aux- 
iliary frames,  etc.,  devised  to  transform  a  popular  light-weight 
delivery  car  chassis,  shown  at  Fig.  40,  into  a  one-ton  capacity 
truck.  These  have  not  been  used  under  varying  conditions  long 
enough  yet  to  determine  their  real  value  and  influence  on  the 
depreciation  of  the  power-producing  elements  of  the  original 


Google 


Ford  Truck  Conversion  Sets 


81 


Steering  Arm 


Front  Radius  Rods 


XI  re 


Nrksneto  A  Tran»mi»*ion 

Pedals 

irand  Lervr 


Hab  Drake 
Aaaembly 


L'nmTMl  Joint 


Front  Axle 

Front  Wheel 
Commutator 

Steering  Gear 
Rods 


Gasoline  Feed  Ripe 


Drive  Shaft 
Break  Pull  Rod 

Roar  Alio  Radtua  Rod 
Muffler 


Emergency 
Brake 


Fig.  40.— Plan  View  of  Ford  Chassis  Showing  Relative  Location  of 

Important  Parts. 
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chassis  which  have  not  been  strengthened  proportionately  as 
the  load-carrying  members  have.  These  devices,  which  are  out- 
lined in  Fig.  41,  can  be  divided  into  five  general  classes.  In  the 
types  outlined,  that  at  A  retains  the  Ford  rear  axle  and  spring, 
but  the  wheel  base  is  increased  by  the  introduction  of  a  section 
in  the  frame  at  either  of  the  two  points  shown,  and  the  drive 


Fig.  41.— Diagrams  Showing  Classification  of  the  Various  Conversion 
Sets  Marketed  to  Convert  Ford  Standard  Model  T  Chassis  to  Truck 
Service. 


shaft  is  also  increased  in  length  to  correspond  to  the  increase 
in  wheel  base.  The  type  shown  at  B  provides  for  additional 
load  capacity  by  the  use  of  supplementary  springs  attached  di- 
rectly to  the  housings  of  the  drive  gearing  actuating  the  steel 
wheel.  These  wheels  are  carried  on  special  bearings  independ- 
ent of  the  Ford  rear  axle,  so  this  member  is  used  merely  to  trans- 
mit power  and  is  not  subjected  to  the  strain  of  carrying  the 
vehicle  load.    In  class  C  the  rear  axle  is  used  for  a  jackshaft  for 
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a  chain-driven  rear-end  truck  assembly,  which  is  a  unit  with  a 
supplementary  frame  extension  adapted  to  be  easily  attached  to 
the  regular  chassis.  The  design  shown  at  D  is  similar,  except 
that  the  rear  axle  is  changed  into  a  jackshaft  for  an  internal 
gear-driven  unit.  Instead  of  sprockets  on  the  axle  shaft  ends  as 
at  C,  spur  pinions  which  mesh  with  large  internal  spur  gears 
driving  the  wheels  are  employed.  In  the  type  shown  at  E,  an 
auxiliary  frame  extension  is  used,  but  this  carries  a  worm  or 
internal  gear  drive  axle  and  special  wheels  and  springs.  The 
Ford  rear  axle  is  not  used  at  all,  nor  are  the  Ford  rear  wheels. 
Those  types  in  which  the  load  is  carried  on  special  springs  and 
axle  members,  as  at  B,  C,  D  and  E,  are  much  stronger  than  that 
outlined  at  A.  The  regular  rear  end  construction  was  never 
intended  to  carry  heavy  loads. 

Motor  Truck  Ability. — Ability  is  a  term  which  is  widely  used 
by  truck  salesmen  to  denote  the  capacity  or  power  of  a  truck 
in  its  relation  to  climbing  grades,  carrying  loads  and  overcoming 
road  resistance.  Hill  climbing  ability  depends  entirely  on  the 
gear  ratios  provided  in  the  driving  system  for  trucks  of  the  same 
weight  and  horse  power.  Under  the  same  conditions  the  truck 
that  has  the  lowest  road  speed  on  any  given  transmission  lever 
position  will  be  the  best  hill  climber.  As  will  be  explained,  gear 
reduction  is  but  a  form  of  leverage;  it  permits  the  power  plant 
to  run  at  such  speed  that  it  is  delivering  its  full  power  and  yet 
the  truck  may  be  moving  very  slowly.  The  factor  that  deter- 
mines truck  ability  is  really  the  tractive  effort,  and  this  in  turn 
is  governed  by:  the  gradient  generally  expressed  in  percentage; 
the  gross  mass  to  be  moved,  this  including  the  weight  of  both 
truck  and  its  load ;  the  tractive  resistance  offered  by  the  road, 
which  will  vary  with  the  character  of  the  surface.  The  tractive 
effort  produced  by  the  truck  power  plant  depends  on  the  size 
of  the  engine  and  its  horse  power  output  at  a  definite  speed  of 
rotation,  the  power  loss  due  to  friction  in  the  mechanism,  the 
total  leverage  or  gear  reduction  between  the  source  of  power 
and  the  traction  members  and  the  diameter  of  these  driving 
wheels.    A  simple  formula  for  total  tractive  effort  may  be  ex- 

P  x  33,000  x  60  x  e 

pressed  as  follows:   — —  —  =  tractive  effort. 

Miles  per  hour  x  2,580 

In  the  above  P  is  the  brake  horse  power  of  the  engine  and  e 
is  the  mechanical  efficiency. 


Digitized  by 


84 


The  Motor  Truck 


Drawbar  Pull. — The  drawbar  pull  or  horizontal  force  neces- 
sary to  move  a  vehicle  over  a  level  road  overcomes  road  re- 
sistance and  may  therefore  be  taken  as  a  measure  of  its  value. 
This  is  usually  considered  in  pounds  of  pull  necessary  to  move 
the  weight  of  a  ton,  and  it  will  vary  with  the  material  of  which 
the  road  is  composed  and  the  kind  of  tires  used.  The  road  re- 
sistance of  sand  or  gravel  is  very  much  greater  than  that  of 
smooth  asphalt  or  macadam.  Conditions  making  for  poor  trac- 
tion usually  increase  the  road  resistance.  It  requires  less  power 
to  move  a  load  on  pneumatic  tires  than  it  does  on  solid  rubber. 
The  limit  of  traction  efficiency  is  about  60  per  cent  of  the  total 
weight  on  the  traction  wheels,  if  operated  on  dry  asphalt  paving 
and  if  the  wheels  are  shod  with  rubber  tires.  This  means  that 
a  motor  truck  in  which  the  weight  on  the  rear  wheels  was  10,000 
pounds  the  limit  of  pull  that  could  be  applied  at  the  point  of 
contact  of  the  driving  wheels  and  the  ground  would  be  6,000 
pounds.  For  this  reason  the  engine  power  and  gear  ratio  must 
be  proportioned  so  that  no  more  than  this  maximum  amount  of 
tractive  force  will  be  exerted,  as  any  more  power  would  spin 
the  wheels  and  would  not  serve  any  useful  purpose. 

Tractive  Resistance  of  Roads. — A  writer  in  the  "Commercial 
Car  Journal"  outlined  a  series  of  experiments  to  determine  trac- 
tive resistance  of  various  urban  roads  and,  while  the  article  is 
too  comprehensive  to  be  reproduced  at  length,  the  summary  of 
conclusions  reached  cannot  fail  to  interest  the  reader.  The  first 
point  considered  is  the  various  factors  that  may  enter  into  con- 
stant resistance. 

The  constant  resistance  (1)  may  be  briefly  called  the  displace- 
ment resistance,  item  2  the  impact  resistance,  and  item  3  the  air 
resistance.  The  displacement  resistance  is  low  for  hard  pave- 
ments, and  high  for  soft  pavements  (of  low  resilience).  The 
impact  resistance  is  very  marked  in  granite  block  roads.  The 
air  resistance,  at  any  definite  velocity,  is  the  same  for  all  curves, 
because  the  air-resisting  parts  of  the  truck  were  left  unchanged 
throughout  the  tests.  An  asphalt  road  in  poor  condition  at  a 
speed  of  12.4  m.p.h.,  the  displacement  resistance  is  0.84  per  cent, 
the  air  resistance  is  0.11  per  cent,  the  impact  resistance  0.20  per 
cent,  and  the  total  1.15  per  cent,  equivalent  grade. 

The  displacement  resistance  of  a  road  manifestly  varies,  not 
only  with  the  type  and  surface  quality  of  the  road,  but  also  with 
the  type,  dimensions  and  quality  of  the  tires  on  the  wheels  of 
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the  vehicle.  In  the  tests  here  reported,  the  same  tires  were  used 
throughout,  and  they  remained  in  substantially  the  same  con- 
dition. 

The  impact  resistance  of  a  road  manifestly  depends  not  only 
on  the  type  and  surface  quality  of  the  road,  and  the  sizes  of  its 
irregularities,  but  also  on  the  type,  dimensions  and  quality  of 
the  wheel  tires,  the  weight  of  the  truck,  and  the  quality  of  its 
springs. 

The  air  resistance  per  unit  weight  of  truck  manifestly  depends 
upon  the  weight,  dimensions  and  shape  of  the  vehicle,  as  well 
as  on  the  speed  of  the  vehicle  relatively  to  the  surrounding  air. 

The  wind  resistance  per  unit  weight  of  truck  manifestly  de- 
pends upon  the  weight,  dimensions  and  shape  of  the  vehicle,  as 
well  as  on  the  direction  and  velocity  of  the  wind  and  the  velocity 
of  the  vehicle.  It  is  assumed  that  at  low  wind  and  vehicle  speeds, 
like  those  here  considered,  only  that  component  of  the  wind 
which  is  in  the  direction  of  the  vehicle's  path  needs  to  be  taken 
into  account,  and  that  the  mean  of  the  wind  resistance  in  oppo- 
site directions,  along  the  roads,  is  zero. 

Summary  of  Conclusions. — The  following  conclusions  are  in- 
dicated from  the  preceding  results :  As  confined  to  urban  roads, 
with  a  solid  rubber  tired  motor  truck  between  the  speed  limits 
of  from  eight  to  15.5  m.p.h. 

1.  The  overall  efficiency  of  the  test-truck  mechanism  between 
battery  terminals  and  rear  wheel  treads  reached  a  maximum 
value  of  about  78  per  cent  under  the  most  favorable  conditions. 

2.  The  mechanical  efficiency  of  transmission  from  motor  shaft 
to  rear  wheel  treads,  for  the  truck  tested,  shaft-driven  through 
a  single  reduction  worm  gear,  was  found  as  high  as  90  per  cent. 

3.  Tractive  resistances  are  most  conveniently  expressed  as  an 
equivalent  percentage  grade,  i.e.,  a  level  road  of  definite  tractive 
resistance  may  be  regarded  as  a  road  of  zero  tractive  resistance, 
hut  rising  uniformly  X  units  in  100  units  of  road  length,  or 
having  an  equivalent  grade  of  X  per  cent. 

4.  Under  the  conditions  of  these  tests,  the  tractive  resistance 
on  level  roads,  in  the  absence  of  wind,  is  composed  of  (a)  dis- 
placement resistance,  (b)  impact  resistance,  and  (c)  air  resist- 
ance. 

5.  The  displacement  resistance  varied  from  0.85  per  cent, 
equivalent  grade,  for  a  hard,  smooth  asphalt  or  bituminous  con- 
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crete,  to  1.6  per  cent  for  a  very  soft,  tar-macadam  road,  and  was 
practically  constant,  for  all  speeds  considered,  on  any  given  road. 

6.  The  impact  resistance  increases  with  the  velocity,  with  the 
total  weight  of  vehicle,  and  with  increasing:  road  surface  roueh- 
ness.  In  these  tests,  the  impact  resistance  of  good  asphalt  or 
bitulithic  or  other  smooth  pavement  was  practically  negligible, 
and  reached  its  highest  values,  on  granite-block  roads  with  sand 
filled  joints,  and  on  badly  worn  macadam  pavements.    The  rate 


Fig.  42.— How  the  Four- Wheel-Drive  Winther  Model  439  Truck  Can 
Surmount  Unfavorable  Highway  Conditions. 


of  increase  of  impact  resistance  with  speed  was  most  marked 
on  the  roughest  roads. 

7.  At  the  vehicle  speed  of  12.4  m.p.h.,  the  air  resistance  for 
the  vehicle  tested,  assumed  to  be  dependent  only  on  the  speed, 
was  roughly  0.11  per  cent,  equivalent  grade;  i.e.,  from  four  per 
cent  of  the  highest  to  12.5  per  cent  of  the  lowest,  total  tractive 
resistance. 

8.  The  following  urban  pavements  are  enumerated  in  the  order 
of  their  desirability  for  vehicle  operation  from  the  point  of  view 
of  tractive  resistance  at  12.4  m.p.h.,  as  found  in  this  investiga- 
tion :  Asphalt,  wood-block,  hard  smooth  macadam,  brick-block, 
granite-block,  with  cement-filled  points,  cinder,  gravel,  granite- 
block  with  sand-filled  joints. 

9.  The  equivalent  grade  at  12.4  m.p.h.  of  a  badly  worn  city 
macadam  road  was  found  to  be  nearly  three  times  as  great  as 
that  of  the  best  asphalt  road  tested.    This  means,  at  this  speed, 
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a  consumption  of  energy  at  wheel  treads  of  nearly  three  times 
as  much  on  level  poor  macadam  roads  as  on  good  level  asphalt 
roads. 

10.  Increasing  the  gross  weight  of  the  vehicle  by  12  per  cent, 
through  load,  was  found  to  have  no  effect  on  tractive  resistance 
within  the  observed  speed  limits  for  smooth  roads  in  good  con- 
dition;  but  on  rough  roads,  a  distinct  increase  in  tractive  re- 
sistance with  this  extra  weight  was  observed. 

11.  The  presence  of  a  layer  of  dust,  say  }i  inch  thick,  on  a 
fair  macadam  road,  was  found  to  increase  the  equivalent  grade 
of  tractive  resistance,  at  all  tested  speeds,  by  about  0.15  per  cent. 

12.  A  freshly  tarred  and  therefore  very  soft  tar-macadam  road 
was  found  to  have  an  increased  tractive  resistance  equivalent, 
at  substantially  all  tested  speeds,  of  about  0.5  per  cent.  The 
tires  in  this  case  sank  about  0.8  inch  into  the  roadbed,  the  gross 
car  weight  being  4,710  pounds. 

13.  The  total  range  of  tractive  resistance  equivalent  grade 
covered  in  the  tests  was  from  0.93  per  cent,  on  the  best  asphalt 
road,  at  lowest  speed,  to  2.7  per  cent,  on  the  worst  macadam 
road,  at  nearly  the  highest  speed. 

Six-Wheeled  Truck. — Claim  is  made  that  actual  demonstra- 
tion and  close  tabulation  of  results  appear  to  indicate  clearly 
that  the  "six-wheel"  or  tandem  rear  axle  construction  with  pneu- 
matic tires  on  all  wheels  has  steadier  riding  qualities,  better 
traction,  is  less  wearing  of  road  surfaces,  has  lighter  axles, 
smaller  and  lower  cost  tires  and  greater  braking  capacity,  and 
the  vehicle  has  greater  operating  radius. 

This  form  of  truck  has  six  wheels,  four  of  which  are  grouped 
under  the  rear  end  of  a  chassis  in  much  the  same  form  of  as- 
sembly as  the  truck  of  the  steam  railroad  coach.  The  develop- 
ment of  this  type  machine  was  due  to  the  strong  conviction  of 
P.  W.  Litchfield,  factory  manager  for  the  Goodyear  Company, 
which  was  expressed  at  a  recent  joint  meeting  of  the  members 
of  the  Detroit  and  Cleveland  sections  of  the  S.  A.  E.  held  at 
Akron,  that  the  heavy  tonnage  truck  would  be  some  form  having 
more  than  four  wheels,  an  evolution  that  may  be  comparable  to 
the  railroad  car  construction  practice  of  grouping  pairs  of  axles 
in  frames  known  as  trucks  and  mounting  one  of  these  trucks  at 
each  end  of  a  car.  There  was  no  endeavor  made  to  perfect  a 
truck  design,  but  careful  study  was  made  of  the  practicability 
of  pneumatic  tires  for  vehicles  built  to  haul  heavy  freights. 
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Large  Saving  in  Tire  Cost. — Special  interest  attaches  to  tire 
weight  and  cost,  which  are  probably  the  factors  that  most  deeply 
concern  truck  owners,  and  instead  of  using  48  by  12-inch  pneu- 
matic shoes,  weighing  about  398  pounds  each,  that  are  designed 
for  five-ton  trucks,  with  the  tandem  axle  construction  four  40 
by  eight-inch  pneumatic  tires,  each  weighing  119  pounds,  are 
used.  The  four  tires  weigh  476  pounds  against  796  pounds  for 
the  "giants,"  and  as  they  are  each  279  pounds  lighter  they  can 
be  handled  far  more  easily,  a  matter  of  no  small  importance 
when  changes  are  necessary,  especially  if  the  work  must  be  done 
outside  of  a  garage  or  service  station.  Not  only  this  ;  the  set  of 
four  tires  will  cost  approximately  a  third  less  than  the  two  larger 
tires.  And  as  the  same  tire  is  used  on  all  wheels,  the  number  of 
spares  is  reduced  to  that  which  will  insure  continuous  service. 
This  form  of  truck  is  still  in  the  development  stage,  but  offers 
interesting  possibilities  for  future  improvement  providing  it 
proves  out  in  extended  service. 

With  reference  to  wear  of  roads,  statement  is  made  that  the 
pneumatic  tire  would  appear  to  win  the  approval  of  engineers, 
for  the  average  road  has  the  maximum  base  that  is  practical  and 
the  surface  disintegrates  under  the  impact  of  solid  tires.  With 
the  weight  of  the  truck  carried  on  four  wheels,  road  and  truck 
engineers  believe  that  the  average  highway  will  endure  under  a 
load  up  to  seven  tons  with  no  more  wear  than  would  result  from 
a  3^-ton  load  carried  on  two  solid  tires.  Road  economy  un- 
doubtedly appeals  to  the  people,  and  there  is  belief  that  if  this 
is  obtainable  with  use  of  the  six-wheel  vehicle  the  result  would 
offset  any  sentiment  against  the  use  of  heavy  vehicles  on  high- 
ways, and  would  further  stimulate  appropriations  of  money  for 
highway  improvement. 

An  advantage  of  pneumatic  tires  with  the  tandem  axle  con- 
struction that  is  emphasized  by  Goodyear  engineers  is  greater 
operating  radius  and  steadier  riding.  The  vehicle  is  said  to  have 
greater  road  adhesion  than  the  two-wheel  type,  and  there  is  so 
little  vibration  of  road  shock  that  no  water  was  spilled  from  a 
glass  filled  to  within  an  inch  of  the  top,  placed  at  the  rear  of  the 
truck  body,  when  the  machine  was  driven  on  rough  roads.  When 
moving  over  obstructions  the  chassis  rise  and  fall  is  but  half 
what  would  result  with  two-wheel  drive  types,  and  the  vibratory 
stresses  from  road  shock  are  greatly  reduced,  much  increasing 
the  comfort  of  the  driver.    During  recent  hauling  tests  made  be- 
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tvveen  Akron  and  Cleveland  the  shock  absorption  was  so  effec- 
tive that  the  machine  was  driven  48.6  miles  at  an  average  speed 
of  26  miles  an  hour,  and  the  average  speed  through  heavy  traffic 
when  leaving  Cleveland  was  eight  miles  an  hour. 

Having  a  road  surface  contact  27  per  cent  greater  than  that 
of  the  two  12-inch  tires,  the  four  eight-inch  tires  had  decidedly 
better  traction,  which  was  claimed  to  be  especially  noticeable 
by  comparison  with  dual  solid  and  pneumatic  tires  on  highly 
crowded  roads,  and  in  soft  surfaces  where  the  additional  tire 
area  prevented  the  wheels  sinking  and  the  truck  stalling. 

Because  of  the  light  weight  of  the  smaller  pneumatic  tires, 
the  total  axle  weight  is  greatly  lessened  with  the  four-wheel  con- 
struction, and  with  four  brakes  there  is  a  far  larger  degree  of 
safety  than  with  two  larger  wheels.  One  of  the  chief  objections 
by  engineers  to  the  use  of  48  by  12-inch  tires  is  the  extreme 
height  of  the  center  of  gravity,  for  the  load  is  high  above  the 
ground,  but  it  is  much  lower  and  there  is  the  added  stability  of 
four-wheel  support  with  the  experimental  Goodyear  truck.  The 
illustration  at  Fig.  228,  A,  shows  the  truck,  which  weighs  10,700 
pounds  with  a  load  of  17,200  pounds,  or  eight  tons  1,200  pounds, 
a  total  of  27,900  pounds,  or  nearly  14  tons.  This  is  three  tons 
1,200  pounds  in  excess  of  the  normal  load  rating  of  a  five-ton 
truck.  This  form  of  truck  construction  will  be  considered  more 
in  detail  in  a  later  chapter. 

Factors  Controlling  Truck  Size. — A  very  interesting  paper  was 
prepared  by  A.  F.  Masury,  chief  engineer  of  the  International 
Motor  Company,  New  York  City,  and  published  in  the  "Commer- 
cial Car  Journal,"  which  gives  the  conditions  that  control  and 
restrict  the  maximum  overall  dimensions  of  motor  trucks. 

In  general  the  restricting  factors  are  physical  and  legal,  the 
legal  being  to  a  great  extent  directly  determined  by  and  the 
result  of  the  physical. 

Motor  truck  designers  are  being  constantly  confronted  by  en- 
gineering and  contracting  problems  that  would  require  motor 
trucks  of  capacities  greater  than  at  present  existent  and  practical. 
The  designer  finds  few  things  in  the  nature  of  pure  automobile 
engineering  problems  that  would  prevent  him  increasing  the 
size  of  trucks. 

The  weight  and  dimensions  of  materials  to  be  transported  are 
constantly  increasing,  and  it  is  the  materials  that  are  of  prime 
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importance  in  determining  the  size  and  type  of  vehicle  to  be 
used  in  their  transport. 

Existing  Physical  Factors. — (A)  Overall  Height. 

The  overall  height  of  present  motor  trucks  seldom  exceeds  12 
feet. 

The  height  is  limited  by  the  headroom  necessary  to  drive  under 
such  structures  as: 
Railroad  Bridges  (Grade  Crossings). 
Enclosed  or  top  bridges. 
Elevated  Railroad  Structures. 
Overhead  Trolley  Wires. 
Doorways  of  Buildings. 
Ferryboats. 

Railroad  grade  crossing  bridges  seldom  provide  less  than  12 
feet  headroom. 

Enclosed  top  bridges  do  not  always  provide  as  much  as  14 
feet  clearance. 

The  doorways  of  modern  garages,  built  to  accommodate  pres- 
ent motor  trucks,  are  made  with  12  feet  3  inch  headroom.  How- 
ever, few  garage  doorways  exceed  10  feet  in  height. 

(B)  Overall  Width: 

The  overall  widths  of  present  motor  trucks  are  in  very  few 
instances  in  excess  of  96  inches.  This  dimension  is  limited  by 
the  distance  between  parts  of  such  structures  through  which 
vehicles  must  be  driven,  as: 

Doorways. 

Elevators  in  Buildings. 
Ferryboats. 

Doorways  of  modern  garages,  built  to  accommodate  present 
day  motor  trucks,  are  made  with  a  clearance  between  the  butts 
of  at  least  10  feet  9  inches,  which  allows  sufficient  space  for  the 
fastenings  of  the  doors  without  interfering  with  vehicles  as  they 
pass  in  or  out. 

Elevators  in  modern  truck  garages  are  made  11  feet  wide. 

Overall  widths  are  to  a  great  extent  controlled  by  conditions 
that  minimize  the  clearance  between  passing  vehicles  and  the 
clearances  between  passing  vehicles  and  stationary  objects,  as 
posts,  trees,  poles,  elevated  railroad  pillars,  curbs,  etc.,  and  that 
make  negotiation  both  difficult  and  dangerous. 

Many  state  roads  are  paved  over  a  width  of  but  16  feet ;  coun- 
try nad^  arc  usually  narrower  than  this. 
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The  difficulties  of  operating  in  congested  city  traffic  tend  also 
to  restrict  widths;  small  vehicles  are  more  easily  handled. 

The  following  tabulation  shows  the  maximum  width  and 
height  of  motor  vehicles  allowed  on  the  ferries  going  into  the 
State  of  New  Jersey: 

STATEN  ISLAND  TRANSIT  RAILWAY  COMPANY 

Overhead 

Clearance  Width 

Ferryboat,  Tottenville    12'    4"         7'  5" 

Ferryboat,  Perth  Amboy    12'   6"         7  V 

PUBLIC  SERVICE  RAILWAY  COMPANY 

Bergen  Point 


Width  Between 

Boat  Height  Width  Wheel  (.uards 

Bayonne    11.7  10.0  7.9 

Public  Service    15.5  8.2  6.6 

Public  Service    15.5  9.9  9.1 

Edgcivatcr 

Englewood    10.9  9.1  7.1 

Leonia    12.8  9.3  7.3 

Edge  water    10.9  9.6  8.0 

Fort  Lee    12.2  9.9  7.7 


CARTERET  FERRY  COMPANY 

Overhead  clearance  of  boats    13'  0" 

Clearance  of  passageways    9'  6" 

Passageway  between  combings    7'  6" 


Height  Width 

Pennsylvania  R.  R   12'  4"  10'  0" 

T)«y  I .  Sc  \\  •  1^ •  F\  »*•*•**■••««  12  2  9  6 

Erie  R.  R   12'  6"  10'  6" 

Central  R.  R  :   \Z  6"  10'  0" 

West  Shore  R.  R   12'  (T  8'  0* 

Pennsylvania  R.  R.  at  Camden   8'  6" 

Pennsylvania  &  Reading  R.  R   8*  6* 


(C)  Overall  Lengths: 

The  material  to  be  transported  is  the  most  important  factor 
controlling  length.  Overall  lengths  of  existing  motor  trucks 
seldom  exceed  24  feet.  Overall  lengths  of  tractors  and  semi- 
trailers seldom  exceed  35  feet.  Ladder  wagons  for  fire  depart- 
ment use  sometimes  attain  lengths  of  40  to  45  feet.  Structural 
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steel  girders,  telegraph  poles,  timbers  and  similar  materials 
sometimes  in  excess  of  60  feet  are  transported  by  tractors  and 
semi-trailers.  Tractor  and  trailer  trains  have  attained  lengths 
of  over  80  feet,  but  are  difficult  to  handle  because  the  trailers 
"cut  under"  on  turns. 

Lengths  are  also  controlled  and  restricted  by  the  difficulties 
encountered  in  negotiating  turns,  particularly  where  roads  are 
narrow  and  cross  at  acute  angles  and  stationary  objects,  as 
posts,  poles,  pillars,  trees,  etc.,  are  located  in  close  proximity  to 
the  sides  of  the  roads.  It  is,  of  course,  obvious  that  wheelbase 
length  is  the  most  important  factor  that  determines  the  turning 
radius  of  motor  vehicles  and  that  the  radius  increases  as  the 
length  increases.  Existing  structures  tend  to  restrict  length  by 
making  negotiation  difficult. 

Modern  truck  garages,  built  to  accommodate  present  vehicles, 
require  posts  which  are  spaced  at  least  16  feet  6  inches  from  the 
walls  and  22  feet  apart ;  this  allows  three  trucks  to  be  backed  in 
between  the  posts  and  allows  the  front  wheels  of  most  trucks 
to  project  beyond  the  posts.  Aisles  about  25  feet  wide  provide 
turning  space,  which  is  usually  sufficient  for  the  trucks  to  be 
driven  out  from  their  positions.  When  a  large  number  of  trucks 
are  stored,  the  difference  in  the  sizes  of  small  and  large  trucks 
allows  this  arrangement  to  be  worked  out  with  economy  of 
space.  These  dimensions  can  be  properly  considered  as  of  maxi- 
mum average.  Elevators  of  modern  truck  garages  are  made  24 
feet  long.  Platform  scales  for  weighing  modern  motor  trucks 
are  built  to  accommodate  vehicles  having  a  wheelbase  length  of 
16  feet. 

Trucks  may  be  divided  into  three  classes,  according  to  the 
arrangement  of  the  engine  and  the  driver's  seat. 

1.  This  is  the  usual  touring  car  type;  the  engine  is  over  the 
front  axle,  the  driver  and  control  are  behind  the  engine. 

2.  In  this  type  the  engine  is  over  the  front  axle;  the  driver 
and  control  are  directly  above  the  engine. 

3.  The  engine  is  over  the  front  axle;  the  driver  and  control 
are  on  one  side  of  the  engine  and  the  helper  is  on  the  other  side. 

Types  2  and  3  conserve  the  length  of  the  chassis,  as  less  space 
is  taken  for  the  driver's  seat  and  control,  thus  allowing  a  longer 
loading  platform  in  proportion  to  the  wheelbase  than  type  1.  The 
position  of  the  operator's  seat,  whether  back  of  or  over  the  en- 
gine, usually  affects  the  dimensions  of  length  to  a  greater  extent 
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the  height.    When  the  seat  is  placed  back  of  the  engine 
40  inches  more  frame  length  is  required. 

TABLE  B 


Turning  Circles 


Type  Capacity 
Type  1       1-ton  . 

Type  1  V/2-\on 


Type  2 

Tractor 

Tractor 


Wheclbase 


Type  1  2-ton 


Type  I  3-ton 


Type  1  4-ton 


Type  1       5  ton 


Type  1  7^-ton 


Type  2  3-ton 


5-ton 
3-ton 
5-ton 


Diameter 
of  Turning 
Circle  in  Feet 


1  f\       t  A. 

10  ft. 

6  in. 

47 

11  ft. 

6  in. 

53 

12  ft. 

6  in. 

ct 

55 

10  ft. 

6  in. 

An 

47 

11  ft. 

6  in. 

53 

12  ft. 

6  in. 

55 

13  ft. 

6  in. 

60 

10  ft. 

6  in. 

An 

47 

11  ft. 

6  in. 

53 

11  fl 

12  ft. 

6  in. 

55 

13  ft. 

6  in. 

60 

1  ^        A*  A. 

12  ft. 

6  in. 

cc 
55 

13  ft. 

6  in. 

en 

59 

14  ft. 

6  in. 

61 

12  ft. 

6  in. 

55 

13  ft. 

6  in. 

en 
59 

14  ft. 

6  in. 

61 

12  ft. 

6  in. 

57 

13  ft. 

6  in. 

62 

14  ft. 

6  in. 

68 

12  ft. 

6  in. 

57 

13  ft. 

6  in. 

62 

14  ft. 

6  in. 

68 

15  ft. 

6  in. 

71 

11  ft. 

0  in. 

47 

11  ft. 

6  in. 

49 

12  ft. 

0  in. 

51 

11  ft. 

6  in. 

53 

10  ft. 

4  in. 

♦40 

10  ft. 

8  in. 

♦41 

Weights  and  Measures  Useful  in  Truck  Building. — These 
tables,  which  are  reproduced  from  "Automotive  Industries,"  will 
become  more  and  more  useful  as  the  influence  of  the  truck  is 
extended  and  as  it  becomes  necessary  to  draft  fixed  rate  sched- 
ules for  freight-carrying  routes.  But  especially  is  the  manufac- 
turer interested  in  these  items  in  advertising  trucks  for  special 
purposes. 

•The  trailer  will  usually  cut  under. 
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BUILDING  AND  CONTRACTORS*  MATERIAL  / 

Asphaltum— 87  lb.  per  cubic  foot. 
Bnck- 

Soft.  4.32  lb.  each;  2.16  tons  per  1000;  size.  2%  x4x8'4  in. 
Common,  5.4  lb.  each;  2.7  tons  per  1000;  size,  2%  x4x8>4  in. 
Hard,  6.48  lb.  each;  3.24  tons  per  1000;  size.  2y4  x  4x8!4  in. 
Cement— Portland,  barrel  weighs  380  lb.;  equivalent  to  4  bags. 
Rosendale.  barrel  weighs  300  lb. ;  equivalent  to  3  bags. 
Western,  barrel  weighs  265  lb.;  equivalent  to  3  bags. 

Lb.  per  cu.  ft.  Lb,  per  cu.  ft. 

Cky- Dry                                   63     Earth,  loose    76 

Wet                                 110     Gravel   05 

1  i^hed  Stone                             100     Sand— Dry   07 

Con<™e                                   138              Wet   118 

Mortar,  set    103 

COAL  AND  COKF. 

,  Weight  per         No.  cu.ft. 

Kind  and  Size  cu.  ft.  per  ton 

Connellsville  coke   26.30  76.04 

Anthracite— Nut    56.88  35.16 

Stove    56.33  35.50 

Egg    56.07  35.69 

Cannel    49.18  40.66 

Bituminous— Illinois    47.22  42.35 

Iowa  lump    46.51  43.00 

Indiana  block    43.00  46.50 

Pocahontas— Egg  and  lump    52.27  38.28 

Pittsburgh    46.48  43.03 

Charcoal— Hardwood    19  105.25 

"''tie    18  111.11 


COTTON' 

Bafc  weighs  515  lb.;  measures  27x27x  54  in.;  contains  23  cubic  feet. 

EGGS 

•ncraics  containing  30  doz.,  53  lb.;  crates  measure  30  x  12  x  12  in.  (10  lb. » 

MILK 

M-Ral  ca-!  containing  about  87  lb.  of  milk,  weighs  115  lb.;  can  measures 

htKh.  14  in.  diameter. 
Caieof  12  quarts  weighs  63  lb.;  measures  18|4  x  14':,  x  12  in.;  weight  of 
fi"  and  empty  1  ottles.  33  lb. 

/  * 
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HAY 


Weight 

Length 

Width 

Height 

in. 

in. 

in. 

  210 

46 

30 

26 

  120 

43 

24 

18 

  180 

46 

30 

26 

To  estimate  the  weight  of  hay  in  a  mow  or  stack  or  a  truck,  allow  514 
cubic  feet  for  a  ton. 

SIZE  OF  BARRELS  AND  BASKETS 
Bushel  (U.  S.  Standard)  equivalent  to  4  pecks,  32  quarts,  64  pints;  contain? 

1.2445  cubic  feet,  2150.42  cubic  inches.    Average  bushel  basket  measures  W/j 

inches  top  diameter;  \\y2  inches  high. 

Bushel  crate  measure  measures.  14  inches  wide,  \7l/2  inches  long,  12f4  inches 

high. 

BARREL 

(U.  S.  Standard  for  vegetables,  fruit  and  dry  commodities,  except  cran- 
berries. ) 

Capacity,  7056  cubic  inches;  105  dry  quarts;  3.281  bushels. 
Head  diameter,  17' 8  inches;  bilge  diameter,  20.37  inches;  stave  length, 
21%  inches. 

Capacity,  5826  cubic  inches ;  87  dry  quarts ;  2.709  bushels. 
Head  diameter,  16! 4  inches;  bilge  diameter,  18.62  inches;  stave  length. 
2Sy2  inches. 

FLOUR  BARREL 
Weighs  200-220  lb.;  bilge  diameter,  21  inches;  head  diameter,  18  inches; 
stave  length,  28;/. ;  28  II).  per  cubic  foot. 

SUGAR  BARREL 

Weighs  300-360  lb.;  bilge  diameter,  25  inches;  head  diameter,  20»/>  inches; 
stave  length,  30  inches. 

SYRACUSE  SALT  BARREL 

Weighs  280  lb.;  bilge  diameter,  21  inches;  head  diameter,  18  inches; 
stave  length,  29  inches. 

Syracuse  Salt— Per  bushel,  56  lb. ;  per  cubic  foot,  49  lb. 
Turks  Island  Salt— Per  bushel,  80  lb. 

LIQUIDS 

Weight,  lb.  Weight, lb. 

pet  yal.  per  gaL 

Alcohol    6.75  Oil-Linseed    7.5 

Gasoline   6.6  Lubricating   7.65 

Kerosene    7.0  Vegetable    7.65 

Molasses    12.5  Petroleum    8.0 

Muriatic  acid    9.62  Sulphuric  acid    15.25 

Nitric  acid    11.7  Turpentine    72 

Oil-Fuel    7.25  Vinegar    &4 

Water  '.   8.33 
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SNOW  AND  ICE 

Snow— Fresh,  5-12  lb.  per  cubic  foot.    Wet,  15-50  lb.  per  cubic  foot. 
Ice,  571/2  lb.  per  cubic  foot. 

Ice— (Standard  block),  350  lb.;  measures  11  x  22  x  44  inches. 


MISCELLANEOUS  COMMODITIES 


Pounds  per 
cubic  foot 

Ashes    42 

Garbage    50 

Glass — Common    162 

Plate  or  crown    161 

Crystal    184 

Flint    247 

Leather   59 

Wool— Pressed   :  82 


Pounds  per 
cubic  foot 

Paper    58 

Rubber    59 

Rubber  goods   94 

Saltpeter    69 

Starch    96 

Street  sweepings    31.5 

Sulphur    125 


ANGLES  OF  INCLINE  NECESSARY  TO  DUMP  COMMODITIES 

FROM  STEEL-LINED  BODIES 


Material  Degrees 

Ashes — Dry    33 

Wet  ...   36 

Brick   40 

Clay   45 

Coal-Hard    23 

Soft    30 

Coke    23 


Material  Degrees 

Concrete    30 

Earth — Loose    28 

Compact    50 

Garbage   30 

$and    35 

Stone— Broken    27 


ROAD  RESISTANCE 
As  measured  by  pull  in  pounds  per  ton 


Over  level,  unsurfaced,  concrete  road   27.6 

Concrete  base,  H-inch  skin  top  asphaltic  oil  and  screenings   50.0 

Water-bound  macadam,  level,  good  conditions    64.3 

Concrete  base,  lj^-inch  Topeka  top.  level,  good  conditions   68.5 

Gravel  road,  level,  good  conditions    80.0 

Earth  road,  level,  fine  dust,  $4  to  2  inches  deep   99.3 

Earth  road,  stiff  mud  on  top,  firm  underneath,  level   218.0 

Loose  gravel,  new  road,  level,  not  packed  down   263.0 


NEWSPAPER 


Rolls  weigh  1,200  lb.;  length,  72  inches;  diameter.  32  inches. 
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Fig.  43.— Simple  Diagrams  Showing  the  Various  Cycles  of  Operation 
Necessary  to  Obtain  an  Explosion  in  the  Four-Stroke  Gasoline  En- 
gine Cylinder.  A — Suction.  B — Compression.  C — Explosion.  D— 
Exhaust. 
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CHAPTER  II 

THE  MOTOR  TRUCK  POW  ER  PLANT 

The  Four-Cycle  Engine  and  Its  Operation — How  to  Secure  Steady  Power- 
Two-,  Four-,  and  Six-Cylinder  Engines— Actual  Duration  of  Cycle  Phases 
—Main  Parts  of  Engines  and  Their  Functions — Operating  Conditions 
With  Truck  Motors— Horse  Power  Formulas— The  Ford  Power  Plant- 
Typical  Motor  Truck  Engines— The  Auto  Car— The  Packard— The  Dodge 
—Wisconsin  Engines— Nash  Buda  Motor — Buda  Model  HTU — Hercules 
—White  Motors — International  Model  E — International  Model  G — Riker 
—Mack  A.  C—  Power  Plant  Installation. 

Engine  Design  for  Modern  Gasoline  Trucks. — In  the  early 
days  of  motor  truck  development  there  was  considerable  di- 
versity in  internal  combustion  engine  forms  that  were  applied 
to  motor  truck  propulsion.  Engines  operating  on  both  the  two- 
cycle  and  four-cycle  principles  were  used  and  cooling  by  air  was 
found  on  a  number  of  the  early  models.  Some  of  the  well-known 
truck  makers  of  today  had  unconventional  power  plants  in  their 
early  models,  such  as  a  two-cvlinder  two-cycle  air-cooled  motor 
and  three-cylinder  two-cycle  air  cooled.  Several  trucks  had 
large  double  opposed  cylinder  motors  operating  on  the  four- 
cycle principle,  disposed  under  the  truck  body.  One  truck  that 
was  made  in  fairly  large  quantities  and  that  was  operated  by  a 
number  of  firms  in  fairly  large  fleets  was  provided  with  a  large 
two-cylinder  air-cooled  engine  that  extended  almost  from  the 
front  to  the  rear  of  the  chassis. 

At  the  present  time,  practically  all  truck  makers  favor  the 
tour-cylinder,  four-cycle,  water-cooled  power  plant.  The  differ- 
ence between  a  two-cycle  engine,  which  is  widely  used  in  ma- 
rine work,  and  a  four-cycle,  which  is  the  type  universally 
applied  to  automobiles,  is  that  in  the  former  one  obtains  an  ex- 
plosion for  each  two  strokes  of  the  piston,  while  in  the  latter  it 
requires  four  strokes  of  the  piston  to  complete  a  cycle  of  opera- 
tions.  The  two-cycle  engine  is  simpler  in  construction,  as  there 
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are  no  valves  above  the  piston,  the  gases  being  taken  in  and 
discharged  through  ports  in  the  cylinder  walls,  which  are  opened 
and  closed  by  the  movement  of  the  piston.  As  this  type  is  not 
used  in  motor  trucks,  only  the  four-cycle  form  will  be  explained. 

Four-Cycle  Engine  Operation. — Considering  the  view  shown 
at  Fig.  43,  A,  the  first  necessary  operation  is  charging  the  cylin- 
der with  explosive  material.  The  piston  is  at  the  top  of  its 
stroke  and  it  moves  toward  the  open  end  of  the  cylinder.  The 
engine  works  as  a  pump,  and  the  piston  draws  in  a  charge  of 
combustible  gas  through  the  open  intake  valve,  which  is  in  con- 
nection with  the  vaporizer  which  furnishes  the  gas.  While  all 
inlet  valves  are  operated  mechanically  at  the  present  time,  some 
of  the  early  types  were  provided  with  automatic  inlet  valves.  An 
automatic  valve  opens  because  of  a  light  vacuum  or  suction  ex- 
isting when  the  piston  has  traveled  down  a  certain  portion  of  its 
stroke,  and  then  the  outside  air  pressure  is  greater  than  that  in 
the  cylinder.  The  external  air  pressure  is  greater  than  the  ten- 
sion of  the  spring,  which  tends  to  keep  the  valve  closed,  and  the 
member  is  therefore  drawn  from  its  seat  by  the  piston.  At  the 
end  of  the  intake  stroke  and  after  the  cylinder  has  filled  with  gas 
the  pressure  inside  and  outside  is  the  same  and  the  valve  spring 
closes  the  intake  valve.  As  the  exhaust  valve  spring  is  very 
strong,  this  member  has  not  been  lifted  from  its  seat  by  the  dif- 
ference in  pressure.  The  exhaust  valve  is  opened  by  mechani- 
cal means  solely  and  lifts  only  when  operated  by  the  cam  and 
push-rod  mechanism.  In  modern  engines  the  valves  are  usually 
the  same  size  and  operated  by  the  same  form  of  mechanism. 

The  condition  in  the  cylinder  of  the  gas  engine  after  the  pis- 
ton has  reached  the  bottom  of  its  stroke  is  very  much  the  same 
as  that  which  obtains  in  a  gun  of  the  muzzle-loading  type  after 
the  explosive  charge  has  been  introduced.  We  have  learned 
that  to  obtain  power  from  gunpowder  it  is  necessary  to  ram  it 
firmly  in  the  combustion  chamber  of  the  gun.  The  gasoline  gas 
which  has  been  taken  into  the  engine  cylinder  must  also  be  com- 
pressed before  it  is  ignited  in  order  to  obtain  power.  It  is  com- 
pacted into  one-quarter  or  one-fifth  of  its  former  volume,  and 
whereas  its  pressure  is  about  fifteen  pounds  per  square  inch  be- 
fore it  is  compacted,  at  the  end  of  the  compression  stroke  of  the 
piston  the  pressure  will  be  increased  to  sixty,  and  even  seventy- 
five  pounds  per  square  inch.  At  the  end  of  this  compression 
stroke,  the  start  of  which  is  shown  at  B,  the  conditions  in  the 
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engine  cylinder  are  the  same  as  those  which  prevail  in  the  barrel 
of  the  cannon  after  the  powder  has  been  tightly  rammed  in  the 
closed  end  of  the  gun  barrel  and  the  ball  is  forced  in  on  top  of 
it.  The  compressed  gas  in  the  engine  cylinder  is  exploded  elec- 
trically by  a  spark  occurring  between  the  points  of  the  spark 
plug,  as  shown  at  C.  Just  as  the  explosion  in  the  cannon  drives 
out  the  ball,  that  in  the  engine  cylinder  forces  the  piston  out  and 
causes  the  crankshaft  and  flywheel  attached  to  it  to  revolve.  The 
flywheel  stores  power  to  carry  the  crankshaft  through  the  charg- 
ing, compression  and  exhaust  strokes  in  a  single-cylinder  engine. 

In  order  to  obtain  a  perfectly  tight  combustion  chamber,  both 
intake  and  exhaust  valves  are  closed,  as  shown  at  C,  before  the 
gas  is  ignited,  because  all  of  the  pressure  produced  by  the  ex- 
ploding gas  is  to  be  directed  against  the  top  of  the  movable  pis- 
ton. When  the  piston  reaches  the  bottom  of  its  power  stroke,  as 
indicated  at  D,  the  exhaust  valve  is  lifted  by  means  of  the  valve 
tappet  which  is  raised  because  of  the  point  or  lift  on  the  cam. 
The  cam  shaft  is  driven  by  positive  gearing  and  revolves  at  half 
the  engine  speed.  The  exhaust  valve  remains  open  during  the 
whole  of  the  return  stroke  of  the  piston,  and  as  this  member 
moves  toward  the  closed  end  of  the  cylinder  it  forces  out  burned 
gases  ahead  of  it,  through  the  passage  controlled  by  the  exhaust 
valve.  The  cam  shaft  is  revolved  at  half  the  engine  speed  be- 
cause the  exhaust  valve  is  raised  from  its  seat  during  only  one 
stroke  out  of  four,  or  only  once  every  two  revolutions  of  the 
crankshaft.  Obviously,  if  the  cam  was  turned  at  the  same  speed 
as  the  crankshaft  it  would  remain  open  once  every  revolution, 
whereas  the  burned  gases  are  expelled  only  once  in  two  turns 
of  the  crankshaft.  The  operation  of  the  valves  when  they  are 
placed  so  they  open  directly  into  the  cylinder  is  shown  at  Fig. 
44. 

It  will  be  evident  that  three  strokes  of  the  piston  in  any  one 
cylinder  are  necessary  to  secure  one  useful  explosion,  just  as 
practically  three  operations  are  needed  to  fire  the  cannon.  The 
first  downward  movement  of  the  piston  fills  the  cylinder  with 
gas  and  is  known  as  the  "intake  stroke."  This  is  accomplished 
during  the  first  half  revolution  of  the  crankshaft.  The  return 
movement  of  the  piston  is  accomplished  during  the  second  half 
of  the  first  revolution  and  compresses  the  gas  previously  sucked 
in.  This  is  called  the  "compression  stroke."  The  expansive 
force  back  of  the  piston  produced  by  the  explosion  forces  the 
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piston  down  again,  this  turning  the  crankshaft  through  the  first 
halt  of  the  second  revolution,  which  is  known  as  the  "power 
stroke."  The  last  half  of  the  second  revolution  produces  a  re- 
turn movement  of  the  piston  toward  the  closed  end,  and  as  the 
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Fig.  45. — Diagram  Showing  Principal  Parts  of  Single-Cylinder  Water- 
Cooled  T  Head  Power  Plant. 

hunted  gases  are  expelled  and  the  cylinder  is  cleared  to  receive 
tin-  fresh  charge,  this  movement  of  the  piston  is  known  as  the 
"exhaust  stroke."  The  cycle  of  operations  described  is  contin- 
ued and  repeats  as  long  as  the  cylinder  is  supplied  with  fuel, 
the  spark  takes  place  to  fire  the  gas  and  the  engine  parts  are 
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prevented  from  binding  by  means  of  lubrication  between  all 
moving  parts  and  cooling  those  portions  liable  to  become  ex- 
cessively hot  by  suitable  extraneous  means  which  prevents  over- 
heating.  A  part  sectional  view  of  a  simple  engine  is  given  at 
Fig.  45  to  show  the  parts  needed  in  an  internal  combustion 
power  plant. 

How  to  Secure  Steady  Power. — Referring  to  Fig.  46,  A,  the 
sequence  of  operation  in  a  single-cylinder  motor  can  be  easily 
understood.  Assuming  that  the  crankshaft  is  turning  in  the  di- 
rection of  the  arrow,  it  will  be  seen  that  the  intake  stroke  comes 
first,  then  the  compression,  which  is  followed  by  the  power  im- 
pulse, and  lastly  the  exhaust  stroke.  If  two  cylinders  are  used, 
it  is  possible  to  balance  the  explosions  in  such  a  way  that  one 
will  occur  each  revolution.  While  cylinder  No.  1  is  taking  in 
a  fresh  charge  of  gas,  cylinder  No.  2  is  exploding.  When  cylin- 
der No.  1  is  compressing,  cylinder  No.  2  is  exhausting.  During 
the  time  that  the  charge  in  cylinder  No.  1  is  exploded,  cylinder 
No.  2  is  being  filled  with  fresh  gas.  While  the  exhaust  gases 
are  being  discharged  from  cylinder  No.  1,  cylinder  No.  2  is  com- 
pressing the  gas  previously  taken  in.  With  the  crankshaft 
arrangement  shown  at  Fig.  46  the  explosions  are  spaced  equi- 
distant. 

Using  four  or  more  cylinders  conduces  to  steady  power  gen- 
eration and  a  lessening  of  vibration.  Most  modern  trucks  em- 
ploy four-cylinder  engines  because  a  power  impulse  may  be 
secured  twice  every  revolution  of  the  crankshaft,  or  a  total  of 
four-power  strokes  during  two  revolutions.  The  parts  are  so 
arranged  that  while  the  charge  of  gas  in  one  cylinder  is  explod- 
ing, those  which  come  next  in  firing  order  arc  compressing,  dis- 
charging the  inert  gases  and  drawing  in  a  fresh  charge,  respec- 
tively. When  the  power  stroke  is  completed  in  one  cylinder,  the 
piston  in  that  member  in  which  a  charge  of  gas  has  just  been 
compressed  has  reached  the  top  of  its  stroke  and  when  the  gas 
is  exploded  the  piston  is  reciprocated  and  keeps  the  crankshaft 
turning.  When  a  four-cylinder  engine  is  used,  the  fly  wheel  is 
much  lighter  than  that  of  a  single-cylinder  form.  In  fact,  many 
modern  four-cylinder  engines  developing  thirty  horsepower 
weigh  less  than  the  early  single-cylinder  forms,  which  developed 
but  one-fourth  that  amount  of  energy.  The  way  the  explosions 
and  other  parts  of  the  cycle  of  operations  occurs  is  clearly  shown 
at  Fig.  46,  C. 
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In  the  four-cylinder  engine  operation  just  described  it  will  be 
seen  that  the  power  strokes  follow  each  other  without  loss  of 
time,  and  one  cylinder  begins  to  fire  and  the  piston  moves  down 
just  as  soon  as  the  member  ahead  of  it  has  completed  its  power 
stroke.  In  a  four-cylinder  motor,  the  crankpins  are  placed  at 
180  degrees,  or  on  the  halves  of  the  crank  circle.  The  crank- 
pins  for  cylinders  No.  1  and  Xo.  4  are  on  the  same  plane,  while 
those  for  cylinders  Xo.  2  and  Xo.  3  also  move  in  unison.  The 
diagram  describing  sequence  of  operations  in  each  cylinder  is 
based  on  a  firing  order  of  one,  two,  four,  three.  The  outer  circle, 
as  in  previous  instances,  represents  the  cycles  of  operations  in 
cylinder  one.  The  next  one  toward  the  center,  cylinder  Xo.  2, 
the  third  circle  represents  the  sequence  of  events  in  cylinder 
Xo.  3,  while  the  inner  circle  outlines  the  strokes  in  cylinder  four. 
The  various  cylinders  are  working  as  follows: 


12  3  4 

Explosion  Compression  Exhaust  Intake 

Exhaust  Explosion  Intake  Compression 

Intake  Exhaust  Compression  Explosion 

Compression  Intake  Explosion  Exhaust 


The  six-cylinder  type  of  motor,  the  action  of  which  is  shown 
at  Fig.  46,  1),  is  superior  to  the  four-cylinder  inasmuch  as  the 
power  strokes  overlap,  and  instead  of  having  two  explosions 
each  revolution  we  have  three  explosions.  The  conventional 
crankshaft  arrangement  in  a  six-cylinder  engine  is  just  the  same 
as  though  one  used  two  three-cylinder  shafts  fastened  together 
so  pistons  1  and  6  are  on  the  same  plane,  as  are  pistons  2  and  5. 
Pistons  3  and  4  also  travel  together.  With  the  cranks  arranged 
as  outlined  at  Fig.  46,  D,  the  firing  order  is  one,  five,  three,  six, 
two  and  four.  The  manner  in  which  the  power  strokes  overlap 
is  clearly  shown  in  the  diagram.  An  interesting  comparison  is 
also  made  in  the  small  diagram  in  the  upper  left-hand  corner  of 
this  view. 

Two,  Four  and  Six-Cylinder  Engines. — A  rectangle  is  divided 
into  four  columns;  each  of  these  corresponds  to  180  degrees,  or 
half  a  revolution.  Thus  the  first  revolution  of  the  crankshaft  is 
represented  by  the  first  two  columns,  while  the  second  revolu- 
tion is  represented  by  the  last  two.  Taking  the  portion  of  the 
diagram  which  shows  the  power  impulse  in  a  one-cylinder  en- 
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gine,  we  see  that  during  the  first  revolution  there  has  been  no 
power  impulse.  During  the  first  halt"  of  the  second  revolution, 
however,  an  explosion  takes  place  and  a  power  impulse  is  ob- 
tained.   The  last  portion  of  the  second  revolution  is  devoted  to 


THE  APPLICATION  OF  POWER  IN  THE  SIX-CYLINDER  MOTOR 
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THE  APPLICATION  OF  POWER  IN  THE  FOUR-CYLINDER  MOTOR 
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Pig-  47. — Diagrams  Outlining  Advantages  of  Multiple  Cylinder  Motors 
and  Showing  That  They  Deliver  Power  More  Evenly  Than  Single- 
Cylinder  Types. 

exhausting  the  burned  gases,  so  that  there  are  three  idle  strokes 
and  but  one  power  stroke. 

The  effect  when  two  cylinders  are  employed  is  shown  im- 
mediately below.  Here  we  have  one  explosion  during  the  first 
half  of  the  first  revolution  in  one  cylinder  and  another  during 
the  first  half  of  the  second  revolution  in  the  other  cylinder. 
With  a  four-cylinder  engine  there  is  an  explosion  each  half  revo- 
lution, while  in  a  six-cylinder  engine  there  is  one  and  one-half 
explosions  during  each  half  revolution.  When  six  cylinders  are 
used  there  is  no  lapse  of  time  between  power  impulses,  as  these 
overlap  and  a  continuous  and  smooth-turning  movement  is  im- 
parted to  the  crankshaft.    This  point  is  also  brought  out  in  the 
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diagrams  at  Fig.  47.  While  the  six-cylinder  has  many  advan- 
tages for  passenger  car  use,  the  simplicity  of  the  four-cylinder 
and  the  fact  that  it  runs  smoothly  enough  for  all  practical  pur- 
poses makes  it  the  ideal  and  popular  form  for  motor  truck  use. 


Fig.  48. — Diagram  Showing  Actual  Duration  of  Different  Cycle  Functions 
as  Measured  in  Degrees  of  Crankshaft  Travel. 


Actual  Duration  of  Cycle  Phases. — In  the  diagram  represented 
at  Fig.  46,  the  writer  has  assumed,  for  the  sake  of  simplicity, 
that  each  stroke  takes  place  during  half  of  one  revolution  of 
the  crankshaft,  which  corresponds  to  a  crankpin  travel  of  180 
degrees.  The  actual  duration  of  these  strokes  is  somewhat  dif- 
ferent. For  example,  the  inlet  stroke  is  usually  a  trifle  more 
than  a  half  revolution,  and  the  exhaust  is  always  considerably 
more.    The  diagram  showing  the  comparative  duration  of  the 
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strokes  is  shown  at  Fig.  48.  The  inlet  valve  opens  ten  degrees 
after  the  piston  starts  to  go  down  and  remains  open  thirty  de- 
grees after  the  piston  has  reached  the  bottom  of  its  stroke.  This 
means  that  the  engine  intake  stroke  corresponds  to  a  crankpin 
travel  of  200  degrees,  while  the  compression  stroke  is  measured 
by  a  movement  of  but  150  degrees.  It  is  common  practice  to 
open  the  exhaust  valve  before  the  piston  reaches  the  end  of  the 


Pig.  49. — Sectional  View  of  Typical  Overhead  Valve.    Cylinder  High- 
Speed  Engine. 


power  stroke,  so  that  the  actual  duration  of  the  power  stroke  is 
about  140  degrees,  while  the  exhaust  stroke  corresponds  to  a 
crankpin  travel  of  225  degrees.  In  this  diagram,  which  repre- 
sents proper  time  for  the  valves  to  open  and  close,  the  dimen- 
sions in  inches  given  are  measured  on  the  fly  wheel  and  apply 
only  to  a  certain  motor.  If  the  flywheel  were  smaller  ten  de- 
grees would  take  up  less  than  the  dimensions  given,  while  if  the 
fly  wheel  was  larger  a  greater  space  on  its  circumference  would 
represent  the  same  crankpin  travel.   Each  engine  designer  times 
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his  valves  differently,  and  there  are  many  factors  that  control 
the  timing,  such  as  the  size  and  lift  of  the  valves,  their  location 
in  the  cylinder  head  and  the  speed  of  rotation  one  expects  the 
engine  to  attain.  A  typical  high  speed  overhead  valve  four- 
cylinder  engine  is  shown  at  Fig.  49  and  an  L  head  six-cylinder 
engine  in  which  the  valves  are  carried  in  a  pocket  at  the  side  of 
the  cylinder  is  depicted  at  Fig.  50.    If  the  valves  and  cylinder 


Fig.  50. — Part  Sectional  View  of  Studebakcr  Six-Cylinder  Engine  Show- 
ing Cylinder  and  Cylinder  Head  Cast  Integral,  also  Pour-Bearing 
Crankshaft.    This  Type  is  Very  Popular  in  Passenger  Car  Practice. 


dimensions  were  the  same  size,  those  in  the  L  head  cylinder 
would  have  to  be  timed  differently,  because  the  gas  does  not  have 
as  free  flow  in  or  out  as  in  the  other  construction. 

Main  Parts  of  Engine. — The  principal  elements  of  a  gas  engine 
are  not  difficult  to  understand  and  their  functions  are  easily  de- 
fined. In  place  of  a  barrel  of  the  gun,  one  has  a  smoothly  ma- 
chined water-jacketed  cylinder  in  which  a  smaller  cylindrical  or 
barrel-shaped  element  fitting  the  bore  closely  may  be  likened 
to  a  bullet  or  cannon  ball.  It  differs  in  this  important  respect, 
however,  as  while  the  shot  is  discharged  from  the  mouth  of  the 
cannon  as  a  result  of  the  explosion,  the  piston  member  sliding 
inside  of  the  main  cylinder  cannot  leave  it,  as  its  movements 
back  and  forth  from  the  open  to  the  closed  end  and  back  again 
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are  limited  by  simple  mechanical  connection  or  linkage  which 
comprises  crank  and  connection  rod.  It  is  by  this  means  that 
the  reciprocating  movement  of  the  piston  is  transformed  into  a 
rotary  motion  of  the  crankshaft. 

The  fly  wheel  is  a  heavy  member  attached  to  the  crankshaft 
which  has  energy  stored  in  its  rim  as  the  member  revolves,  and 
the  momentum  of  this  revolving  mass  tends  to  equalize  the  in- 
termittent pushes  on  the  piston  head  produced  by  the  explosion 
of  the  gas  in  the  cylinder.  If  some  explosive  is  placed  in  the 
chamber  formed  by  the  piston  and  closed  end  of  the  cylinder  and 
exploded,  the  piston  would  be  the  only  part  that  would  yield  to 
the  pressure  which  would  produce  a  downward  movement.  As 
this  is  forced  down,  the  crankshaft  is  turned  by  the  connecting 
rod,  and  as  this  part  is  hinged  at  both  ends  it  is  free  to  oscillate 
as  the  crank  turns,  and  thus  the  piston  may  slide  back  and  forth 
while  the  crankshaft  is  rotating  or  describing  a  curvilinear  path. 
The  treadle  mechanism  of  a  sewing  machine  and  the  connecting 
rod  to  drive  the  power  wheel  illustrate  clearly  how  a  recipro- 
cating motion  can  be  changed  to  a  rotary  one. 

In  addition  to  the  simple  elements  described,  it  is  evident  that 
a  gasoline  engine  must  have  other  parts.  The  most  important 
of  these  are  the  valves,  of  which  there  are  two  to  each  cylinder. 
One  closes  the  passage  connecting  to  the  gas  supply  and  opens 
during  one  stroke  of  the  piston  in  order  to  let  the  explosive  gas 
into  the  combustion  chamber.  The  other  member,  or  exhaust 
valve,  serves  as  a  cover  for  the  opening  through  which  the 
burned  gases  can  leave  the  cylinder  after  their  work  is  done. 
The  spark  plug  is  a  simple  device  which  may  be  compared  to  the 
fuse  or  percussion  cap  of  the  cannon.  It  permits  one  to  produce 
an  electric  spark  in  the  cylinder  when  the  piston  is  at  the  best 
point  to  utilize  the  pressure  which  obtains  when  the  compressed 
gas  is  fired.  The  valves  are  open  one  at  a  time,  the  inlet  valve 
being  lifted  from  its  seat  while  the  cylinder  is  filling  and  the 
exhaust  valve  is  opened  when  the  cylinder  is  being  cleared.  They 
are  normally  kept  seated  by  means  of  compression  springs. 

The  cams  raise  the  valves  by  suitable  plungers  which  are 
guided  by  special  bearings.  The  piston  is  provided  with  pack- 
ing rings  to  prevent  leakage  of  gas.  The  cam  shafts  are  driven 
by  gears  meshing  with  a  driving  member  on  the  engine  crank- 
shaft, as  shown  at  Figs.  52  and  53.  A  piston  and  connecting  rod 
are  shown  as  they  appear  separated  at  Fig.  54.  while  the  method 
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Fig.  51. — End  Sectional  View  of  Typical  T  Head  Internal  Combustion 

Motor. 
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of  removing  a  rod  and  piston  from  the  engine  assembly  by  taking 
off  the  connecting  rod  cap  and  releasing  the  crankshaft  is  also 
shown  clearly  in  this  view. 

The  crankshaft  is  supported  by  the  top  half  of  a  two-piece 
crank  case,  bearings  being  provided  so  the  shaft  can  rotate 
freely  and  yet  without  noise  or  lost  motion.    The  lower  half  of 


Markings  for  Timing  Camshaft 

Fig.  52. — Front  View  of  Engine  Base  with  Cover  Removed  Showing 
Camshaft  Driving  Gears  and  Method  of  Marking  the  Teeth  to  Insure 
Correct  Reassembly  if  Engine  is  Dismantled. 

the  crankcase  serves  as  an  oil  container  in  most  engines.  The 
upper  half  of  the  case  also  carries  the  cylinders,  these  members 
being  attached  by  secure  fastenings  such  as  bolts.  The  shaft  or 
shafts  carrying  the  cams  .actuating  the  valves  are  also  carried 
by  the  top  half  of  the  engine  base  and  revolve  in  suitable  bear- 
ings therein.  The  pipe  that  carries  the  fresh  gas  mixture  from 
the  carburetor  to  the  inlet  valve  chambers  is  known  as  the  inlet 
or  intake  manifold ;  that  taking  the  exhaust  gases  from  the  cyl- 
inders to  the  muffler  is  known  as  the  exhaust  manifold. 
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All  engines  have  other  parts  attached  that  belong  to  the  cool- 
ing system,  such  as  the  water  pump  and  fan.  The  magneto  be- 
longs to  the  ignition  system.  The  engine  oiling  parts  are  also 
included  in  the  engine  mechanism.  The  way  these  various  parts 
differ  in  detail  will  be  explained  in  the  descriptions  of  typical 
truck  engines  which  follow,  and  a  good  idea  of  the  diversity  of 


Fig.  53.— The  Bottom  View  of  Typical  Motor  Truck  Engine  with  Lower 
Half  of  Crank  Case  Removed  Showing  Important  Parts. 


design  may  be  obtained  by  studying  the  clear  illustrations  of 
conventional  engine  forms. 

Operating  Conditions  of  Truck  Motors. — Authorities  state 
that  the  power  plant  of  a  motor  truck  will  have  a  piston  speed 
of  two  or  three  times  that  of  a  similar  engine  used  for  passenger 
car  propulsion  because  of  the  low  reduction  gear  ratios  neces- 
sary to  drive  a  heavy  truck  with  an  engine  of  reasonable  piston 
displacement.  A  truck  engine  operates  under  heavy  duty  con- 
ditions practically  all  ot  the  time,  and  it  should  be  specially  built 
for  the  work.  All  bearing  surfaces  should  be  larger  than  in  a 
pleasure  car  motor  of  the  same  power,  the  lubrication  system 
must  be  positive,  and  the  water  cooling  is  usually  by  forced  cir- 
culation in  which  a  pump  keeps  the  water  moving.  An  interest- 
ing comparison  may  be  made  between  a  truck  and  passenger  car 
engine  of  300  cubic  inches  piston  displacement  to  show  how 
■  truck  engines  must  be  run  faster.    A  passenger  car  with  4.25  to 
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1  reduction  and  34-inch  tires  will  require  an  engine  speed  of 
750  r.p.m.  to  attain  a  vehicle  speed  of  15  miles  per  hour.  A  two- 
ton  truck  with  36-inch  tires  and  8.5  to  1  drive  axle  reduction 
would  necessitate  an  engine  speed  of  about  1,400  r.p.m.,  or  650 
r.p.m.  more  than  the  pleasure  car  to  attain  the  same  speed.  Un- 
less specially  designed  for  high  speed  work,  the  normal  crank- 
shaft speed  of  a  motor  truck  power  plant  should  not  exceed  1,000 
r.p.m.  to  secure  long  life  of  bearings  and  other  engine  parts. 
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Fig .  54. — Diagram  Showing  Construction  of  Piston  and  Connecting  Rod 

of  I.  H.  C.  Engine. 

Horsepower  Formulae. — The  horsepower  of  a  motor  truck  en- 
gine can  be  computed  by  a  number  of  different  methods.  Some 
of  them  are  very  scientific  for  exact  results ;  others  permit  of  a 
sufficiently  close  practical  approximation  for  everyday  use. 
Some  of  the  simple  empirical  formulie  follow : 

Authority  Formula 

D*N 

S.  A.  E. 


Roval  Auto  Club 


=  H.P. 


2.5 


Brit.  Inst,  of  Auto  Engrs.       045  (D+L>  <D-1.18)-H.P. 

8  D2LRN 

E.  P.  Roberts   —  H.P. 

18,000 

D  —  Diam.  of  cylinder  in  inches.  R  =  Rev.  per  min.  of  crankshaft 
I.  —  Length  of  stroke  in  inches.  N  =  Number  of  cylinders. 
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Derivation  of  the  S.  A.  E.  Horsepower  Formula. — The  indi- 
cated horsepower  of  a  single-cylinder,  four-cycle  engine  is  equal 
to  one-quarter  times  the  mean  effective  pressure  P,  acting 
throughout  the  working  stroke,  times  the  area  of  the  piston  A, 
in  square  inches,  times  the  piston  speed  S  divided  by  33,000, 
thus : 

PAS 

Lap-*«5o 

Multiplying  this  by  the  number  of  cylinders  N  gives  the  T.H.P. 
for  an  engine  of  the  given  number  of  cylinders,  and  further  mul- 
tiplying the  mechanical  efficiency  of  the  engine  E  gives  the  brake 
horsepower.    Therefore  the  complete  equation  for  B.H.P.  reads: 

PASNE 

B.  H.  P.  — 


33,000  X  4 


The  S.A.E.  assumed  that  all  motor  car  engines  will  deliver  or 
should  deliver  their  rated  power  at  a  piston  speed  of  1,000  feet 
per  minute,  that  the  mean  effective  pressure  in  such  engine  cyl- 
inders will  average  90  pounds  per  square  inch,  and  that  the  me- 
chanical efficiency  will  average  75  per  cent. 

Substituting  these  values  in  the  above  B.H.P.  equation,  and 
substituting  for  A  its  equivalent,  .7854  D2,  the  equation  reads : 

90  V  7854    D2  v  1.000  X  N  X  75 

B.  H.  P.  =  — —  -  

33,000  X  4 

and  combining  the  numerical  values  it  reduces  to: 

D2N 

B.  H.  P.  = 


2.489 

or.  in  round  numbers,  with  a  denominator  2.5. 

The  Ford  Power  Plant. — The  motive  power  of  the  Ford  car 
consists  of  what  is  known  as  a  "unit  power  plant,"  incorporating 
the  engine  or  power-producing  member  and  the  change  speed 
iring  and  clutch  or  power  transmitting  member.    A  side  view 

S 
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of  the  engine  is  shown  at  Fig.  55.,  this  showing  clearly  the  parts 
that  are  readily  discernible  from  the  outside.  The  engine  is  a 
four-cylinder  type,  having  the  cylinders  cast  in  one  block  which 
is  integral  with  the  top  half  of  the  engine  crank  case.  As  all  the 
valves  are  on  one  side  of  the  cylinder,  it  is  known  as  an  "L  block" 
construction.  The  bore  of  the  cylinder  is  3}i  inches,  the  stroke 
of  the  piston  is  4  inches.  The  engine  is  capable  of  attaining  high 
rotative  speed  and  will  develop  well  over  20  horsepower. 

The  advantage  of  including  the  change  speed  gearing  and 
clutch  in  a  unit  with  the  engine  is  that  there  is  no  danger  of 
loss  of  alignment  of  these  members  due  to  frame  distortion  as 
is  possible  when  the  power-producing  and  transmission  elements 
are  separate  units,  each  having  its  independent  means  of  sup- 
port. The  parts  of  the  Ford  power  plant  assembly  are  lined  up 
properly  when  the  engine  is  built,  and  there  is  no  possibility  of 
loss  of  this  alignment  due  to  frame  distortion  or  deflection.  The 
parts  of  the  engine  and  the  distinctive  two  speed  and  reverse 
planetary  transmission  used  in  this  power  plant  are  clearly 
shown  at  Fig.  56.  The  Ford  engine  was  not  originally  designed 
for  truck  use,  but  thousands  are  in  use  for  that  purpose  in  con- 
verted Ford  passenger  cars  and  in  the  light  one-ton  truck  mar- 
keted by  the  Ford  interests.  It  is  a  simple  and  reliable  motor 
and  can  stand  lots  of  punishment  despite  its  light  construction. 
Of  course,  it  does  not  compare  with  the  heavier,  specially  de- 
signed thick  motors  to  be  described  in  either  endurance  or  free- 
dom from  trouble.  It  will  give  good  service  if  properly  handled 
and  taken  care  of. 

Typical  Motor  Truck  Power  Plants. — In  essentials  the  engines 
used  on  practically  all  motor  trucks  do  not  vary  much  in  con- 
struction, but  if  one  studies  the  details,  it  will  be  evident  that 
power  plant  designers  have  many  different  ideas  for  mechanism 
to  accomplish  the  same  object.  Some  will  cast  the  cylinders  in 
pairs,  others  will  have  the  four  cylinders  in  one  casting.  In  some 
power  plants  the  cylinder  head  is  removable  to  provide  access 
to  the  valves  and  combustion  chamber  for  removing  carbon, 
while  in  others  the  cylinder  head  is  an  integral  casting  with  the 
cylinder  and  the  entire  cylinder  assembly  must  be  removed  to 
pain  access  to  the  pistons  and  other  interior  parts. 

Autocar  Two-Cylinder  Engine. — The  only  two-cylinder  engine 
used  on  a  truck  of  American  manufacture  is  shown  at  Figs.  57 
and  58,  which  depict  the  power  plant  of  the  Autocar  truck.  This 
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Fig.  57. — View  Showing  Construction  of  the  Autocar  Double  Opposed 
Horizontal  Cylinder  Motor.  Also  Its  Installation  in  the  Truck 
Chassis. 

engine  has  a  bore  of  434  inches  and  a  stroke  of  4J/2  inches.  Fol- 
lowing the  only  practical  construction  possible  with  an  opposed 
motor  the  cylinders  are  individual  castings  and  are  bolted  on 
opposite  sides  of  the  engine  crankcase.  The  crankshaft  has  two 
throws,  spaced  ISO  degrees  apart,  and  revo'ves  on  large  single 
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row  ball  bearings.  Two  flywheels  are  provided,  one  on  either 
end  of  the  shaft,  so  as  to  equalize  the  strain  on  that  member  and 
reduce  engine  vibration  so  that  it  is  hardly  appreciable.  The 
camshaft  is  carried  above  the  crankshaft  and  operates  the  valves 
through  the  medium  of  short  push  rods. 

The  Packard  Four-Cylinder  Motor. — The  Packard  engine, 
which  is  shown  at  Fig.  59,  is  an  example  of  L-head  construction 
in  which  the  cylinder  heads  are  cast  integrally  with  the  cylinder 
block.  The  general  characteristics  are  similar  in  all  sizes.  The 
25.6  horsepower  engine  of  4  inches  bore  and  5j/£  inches  stroke 
is  used  in  the  lj^-ton  and  two-ton  models.  The  32.4  horsepower 
engine,  which  is  used  in  a  three-ton  and  four-ton  truck  has  the 
same  stroke  as  that  previously  mentioned ;  the  bore  size  is  in- 
creased to  4]/2  inches.  An  increase  to  5  inches  bore  gives  an 
engine  of  40  horsepower,  which  is  used  on  the  five-ton  truck. 
All  motors  have  the  four  cylinders  cast  in  a  block  and  have  a 
bell  housing  so  that  the  clutch  or  clutch  and  transmission  may 
be  attached  to  form  a  unit  power  plant.  The  normal  speed  of 
all  engines  is  1,000  r.p.m.  Engine  suspension  is  by  three  points. 
The  crankshaft  is  a  four  main  bearing  type  and  is  exceptionally 
strong  in  design.  Cooling  is  by  pump  circulation,  a  centrifugal 
pump  being  used.  Lubrication  is  by  forced  circulation,  a  gear 
pump  drawing  oil  from  the  engine  pump  and  forcing  it  to  the 
main  bearings  from  which  it  passes  through  passages  in  the 
journals  and  crankpins  to  the  connecting  rod.  A  special  form 
of  hydraulic  speed  governor  which  is  operated  by  the  water  cir- 
culation system  is  used  to  control  the  engine  speed.  The  fan  is 
a  ball-bearing  type  and  is  driven  by  a  V-belt.  The  valve  mech- 
anism is  completely  enclosed  and  valve  plungers  and  cams  are 
lubricated  from  the  engine  interior. 

The  Dodge  Engine. — Many  light  trucks  and  delivery  wagons 
are  produced  which  have  a  modified  Dodge  Brothers  chassis. 
The  power  plant  is  a  very  simple  type  and  is  shown  distinct  from 
the  change  speed  gearing  at  Fig.  60.  The  engine  is  of  the  four- 
cylinder  type  with  the  cylinders  cast  in  a  single  block  together 
with  the  upper  part  of  the  crankcase.  A  pressed  steel  under  or 
oil  pan  forms  the  lower  half  of  the  crankcase.  The  engine  is 
mounted  in  the  main  frame  on  a  three-point  suspension,  two  of 
the  points  being  on  either  side  of  the  bell  housing  surrounding 
the  flywheel,  and  the  third  a  ball  and  socket  joint  at  the  front 
end  of  the  engine  timing  gear  cover  plate.    The  bell  housing  is 

• 
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cast  as  a  unit  with  the  transmission.  Between  the  engine  and 
bell  housing  the  pressed  steel  rear  motor  support  is  bolted.  The 
engine  has  a  detachable  cylinder  head  which  carries  the  spark 
plugs  and  the  priming  cocks  and  serves  as  a  cover  over  the  in- 
take and  exhaust  valves,  which  are  in  a  side  pocket  of  the  L- 
head  cylinder  casting.    Ignition  is  obtained  with  an  Eisemann 


Fig.  60. — Part  Sectional  View  Showing  Construction  of  Typical  Light 
Four-Cylinder  Motor  Truck  Engine  of  the  L  Head  Type  with  De- 
tachable Cylinder  Head. 

G-4  magneto  in  special  army  models  and  by  battery  and  coil  in 
the  commercial  models,  equipped  with  electric  starting  and 
lighting  systems. 

Bore   inches      3.875  (3#) 

Stroke   inches      4.500  (4J4) 

Piston  Displacement   Cubic  inches   212.5  (212}4) 

Horsepower,  N.  A.  C.  C.  formula../  rating  24.03 

The  cylinder  assembly  is  a  block  casting  that  includes  not 
only  the  cylinder  barrels  but  also  the  upper  part  of  the  crank- 
case.  It  therefore  supports  the  crankshaft,  the  camshaft,  and 
carries  all  of  the  valve  gear.    The  cylinder  head  is  detachable. 


Google 


Typical  Motor  Truck  Engines  127 


The  underside  of  the  crankcase  is  closed  by  the  pressed  steel 
oil  pan,  while  the  timing  gears  at  the  front  end  are  enclosed  by 
a  cast  iron  timing  gear  cover  plate,  which  also  forms  the  front 
engine  support. 

The  cylinders  and  the  crankcase,  which  are  cast  integrally, 
are  made  from  cast  iron.  The  valves  and  the  camshaft  are  lo- 
cated on  the  right  hand  side  of  the  engine.  The  valve  springs, 
valve  lifters  and  guides  are  enclosed  by  valve  cover  plates  to 
protect  them  from  the  dust  and  the  dirt  and  thus  prevent  ex- 
cessive wear.    The  cylinder  block  is  bushed  at  three  places  to 


provide  bearings  for  the  camshaft.  The  valve  guides  are  in- 
serted in  the  cylinder  casting  and  a  pressed  steel  cup  is  provided 
at  the  juncture  of  the  guide  with  the  cylinder  water  jacket  to 
give  the  valve  spring  a  square  and  smooth  seating.  The  valve 
lifter  guides  are  inserted  in  holes  provided  above  the  camshaft 
in  the  cylinder  casting.  The  exhaust  manifold  is  attached  to 
the  right-hand  side  of  the  cylinder  casting,  but  the  intake  mani- 
fold is  cored  in  the  cylinder  casting  and  the  carburetor  is  at- 
tached to  the  left-hand  side  of  the  engine  block.  The  passage 
across  the  cylinder  block  from  the  carburetor  to  the  intake  dis- 
tribution passage  under  the  valves  passes  between  the  second 
and  third  cylinders  of  the  block.    The  water  inlet  pipe  is  at- 
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tached  to  the  right  lower  front  corner  of  the  cylinder  water 
jacket  with  a  single  cap  screw.  The  water  is  delivered  to  this 
point  by  the  centrifugal  water  pump  provided.  On  the  front 
end  of  the  cylinder  water  jacket  there  is  a  boss,  to  which  is 
attached  the  cooling  fan  support  bracket.  The  crankshaft  main 
bearings  are  in  the  upper  part  of  the  crankcase,  which,  as  men- 
tioned, is  cast  integral  with  the  cylinder  block.  There  are  three 
hearings,  the  caps  of  which  are  all  held  in  place  by  studs  which 
art  screwed  into  the  cylinder  casting.  Two  studs  are  provided 
for  each  of  the  main  bearing  caps. 

Wisconsin  Engines. — A  well-known  and  very  practical  line  of 
engines  for  motor  truck  use  is  produced  by  the  Wisconsin  Motor 
Manufacturing  Company  of  Milwaukee,  Wis.  The  model  shown 
at  Figs.  61  and  62  is  used  on  the  F.  W.  D.  truck  and  others,  and 
has  been  very  successful  in  this  application.  The  engine  is  lo- 
cated longitudinally  of  the  truck,  under  the  driver's  seat,  on  a 
<ub-frame  which  also  supports  the  transmission.  It  is  a  four- 
cylinder,  four-stroke  cycle ;  T-head  of  4.75  inches  bore  and  5.5 
inches  a  stroke.  The  piston  displacement  is  389.84  cubic  inches. 
The  cylinders  are  cast  in  pairs.  The  engine  is  supported  on  the 
sub-frame  by  four  supporting  arms  cast  integral  with  the  alumi- 
num crankcase  upper  half,  two  bolts  passing  through  each  arm 
maintaining  the  alignment.  The  engine  is  of  the  conventional 
type  with  a  timing  gear  case  located  at  the  front.  The  two  cam- 
shafts are  driven  by  the  crankshaft  timing  gear  through  an  idler 
j^ear  running  on  a  stud  fastened  in  the  crankcase.  The  magneto 
and  pump  shaft  gears  are  driven  by  the  camshaft  gears. 

The  oil  pump,  located  in  the  bottom  of  the  crankcase  pump  on 
left  side  of  engine,  is  driven  through  bevel  gears  and  a  vertical 
haft  from  the  exhaust  camshaft.  The  engine  is  equipped  with 
a  governor,  operating  on  a  throttle  between  the  carburetor  and 
manifold,  and  driven  from  the  exhaust  camshaft  through  bevel 
:x'cars  and  a  flexible  shaft. 

The  fan,  which  is  located  just  behind  the  radiator,  is  driven  by 
a  leather  belt  from  the  fan  pulley  located  at  the  front  end  of 
the  fan  shaft,  having  a  flexible  coupling  at  each  end,  and  driven 
from  the  extension  of  the  water  pump  driving  shaft  which 
projects  through  the  crankcase  front  cover.  Ignition  is  supplied 
by  an  Eisemann  high-tension  variable  spark  magneto  located 
on  right  side  of  engine  in  front  of  the  carburetor.  The  carburetor 
is  a  Stromberg  Model  G,  size  3  (1.5-inch),  double  jet  fixed  nozzle 
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air  valve  type.  Gasoline  is  supplied  by  gravity  through  copper 
tubing  from  the  gasoline  tank,  located  behind  the  seat. 

The  engine,  depicted  at  Fig.  64,  is  one  of  the  Liberty  models 
of  Wisconsin  design.   The  type  R.A.U.  has  cylinders  4.75  x  6- 


Fig.  63. — Diagram  Showing  Valve  Timing  of  Wisconsin  Motor  Truck 

Engine. 


inch  bore  and  stroke  ;  the  R.  B.  U.  lias  a  bore  of  5-inch  and  a 
stroke  of  6-inch.  These  two  have  their  cylinders  cast  in  pairs, 
with  detachable  cylinder  heads.  The  L-head  cylinders  are  bolted 
to  the  aluminum  crankcase.  These  engines  are  specially  de- 
signed to  handle  the  lower  grades  of  fuel  which  are  now  offered 
on  the  market.    The  crankshafts  are  made  of  chrome  nickel 


Digitized  by  Google 


Wisconsin  Truck  Engine 


131 


steel,  2*4  inches  in  diameter  on  the  crankpin  and  2J4 •  2%6  and 
2}i  inches  diameter  on  the  front,  center  and  rear  main  bearings 
respectively. 

The  crankcase  is  made  of  aluminum,  with  massive  webs  sup- 
porting the  bearings.  At  the  forward  end  there  is  a  large,  com- 
bined breather  and  oil  filler,  and  an  indicating  oil  gage  is  located 
on  the  same  side  of  the  case  at  the  rear.  As  indicated  by  the 
"U"  in  the  type  designation  of  the  engine,  these  two  models 
are  of  the  unit  power  plant  type,  and  the  flywheel  is  enclosed  in 


Pig.  64. — Part  Sectional  View  of  Late  Model  Wisconsin  Truck  Engine 
Having  Detachable  Cylinder  Heads  and  Cylinders  Cast  in  Pairs. 


a  bell  housing  which  is  cast  integral  with  the  crankcase.  The 
three-point  system  of  suspension  is  used,  and  special  emphasis  is 
laid  on  the  fact  that  the  engine  has  an  "all  steel"  suspension. 
At  the  front  it  is  supported  on  a  trunnion  bearing  formed  on  the 
timing  gear  housing  cover,  while  at  the  rear  there  is  a  cast  steel 
or  malleable  supporting  beam  which  is  bolted  to  the  bell  housing. 

The  Buda  Engine. — The  model  of  this  well-known  make  that 
is  used  on  the  Nash  truck  is  shown  at  Fig.  65,  and  is  rated  at 
27.5  horsepower.  The  cylinders,  which  are  cast  in  a  block,  with 
integral  cylinder  heads,  are  4^2-inch  bore  and  5^-inch  stroke. 
The  power  plant  is  designed  for  independent  mounting  and  is 
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Fig.  65.— Exterior  Views  of  the  Nash-Buda  Pour-Cylinder  Motor  Truck 
Engine  Showing  Location  of  Important  Auxiliary  Parts. 


intended  to  be  supported  by  a  three-point  suspension  in  which 
there  is  one  supporting  point  at  the  front  and  two  arms  at  the 
rear  which  are  cast  integrally  with  the  flywheel  and  clutch 
housing.    The  engine  develops  its  rated  horsepower  at  1,200 
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r.p.m.,  which  is  the  normal  speed.  The  crankshaft  is  a  three 
main  bearing  type,  the  front  bearing  being  2l/%  x  3*4  inches,  the 
intermediate  or  center  bearing  being  2^  x  4  inches  and  the  rear 
2l4  x  2}i  inches.  The  connecting  rod  crankpin  bearings  are 
2%x2y2  inches;  the  wristpin  is  \%  in  diameter.  The  piston 
is  provided  with  three  J^-inch  piston  rings.  A  centrifugal  pump 
is  used  for  water  circulation  and  a  19-inch  diameter  belt-driven 
fan  induces  a  positive  air  draft  through  the  radiator.  Ignition 
is  by  high  tension  magneto  and  speed  control  is  by  centrifugal 
governor. 

The  Buda  engine  shown  at  Fig.  66  in  part  section  is  the  model 
H.T.U..  which  is  rated  at  35  horsepower  and  has  cylinders  4%- 
inch  l)ore  by  5^-inch  stroke.  The  four  cylinders  are  cast  in  a 
block,  but  the  cylinder  head  is  removable  so  that  the  valves  and 
pistons  may  be  easily  reached  by  its  removal.  The  engine  is 
provided  with  a  standard  bell  housing  and  may  be  moved  inde- 
pendent of  the  change  speed  gearing  or  combined  with  that 
member  to  form  a  unit  power  plant  with  three  point  suspension. 
It  is  stated  that  it  delivers  its  rated  horsepower  at  1,100  r.p.m. 
The  valve  opening  is  \}i  inches,  which  allows  a  free  ingress 
an4  egress  of  the  gases.  It  will  be  seen  that  the  crankshaft 
is  the  conventional  three  bearing  type,  and  is  drilled  with  pas- 
sageways through  the  crank  webs  to  insure  correct  distribution 
of  the  lubricating  oil.  The  front  main  bearing  is  2%  x  3y&  inches, 
the  center  main  bearing  is  21/*  x  3*4  inches,  and  the  rear  main 
Waring  is  2j^x4  inches.  The  connecting  rod  big  end  bearing 
;s'2J4  inches  bore  and  2x/2  inches  wide.  The  wristpin  is  \)A 
inches  in  diameter  by  2%  inches  width  bearing.  A  circulating 
oil  system  is  used.  Water  circulation  is  by  centrifugal  pump. 
The  cooling  fan  is  18  inches  in  diameter,  but  is  not  shown  in 
the  illustration.  The  exhaust  pipe  bore  is  2l/2  inches,  and  a 
Ui-inch  bore  inlet  pipe  supplies  the  gas  to  the  valve  chamber. 
>park  plugs  are  standard  S.A.E.,  %-inch  diameter,  18  thread. 
A  centrifugal  governor  is  utilized  to  keep  the  engine  speed  from 
exceeding  a  safe  maximum. 

Hercules  Four-Cylinder  Truck  Motor. — An  unusual  type  of 
•(  ur-cylinder  engine  is  shown  at  Fig.  67.  This  is  the  Hercules 
M.  which  is  intended  for  a  truck  of  three-ton  capacity.  It  is 
ftted  at  28.9  horsepower  and  has  four  cylinders  cast  in  a  block 
*hich  are  4*4  inches  bore  and  Sl/2  inches  stroke.  A  distinctive 
feature  is  the  provision  of  individual  removable  cylinder  head, 
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one  being  provided  for  each  cylinder,  but  not  including  the  valve 
chambers  which  are  closed  by  the  usual  form  of  screw  plugs. 
The  engine  develops  its  power  at  a  normal  speed  of  1,100  r.p.m. 
The  valves  are  large  for  a  cylinder  of  the  diameter  given,  as 
they  are  l%tt  inches  in  diameter.  The  crankshaft  is  a  five  bear- 
ing type,  all  crank  journals  being  two  inches  in  diameter.  The 
front  main  bearing  is  3  inches  long,  the  rear  main  bearing  4f£ 
inches  long,  while  the  three  intermediate  bearings  are  each  2 


Fig.  68.— Four-Cylinder  Motor  Used  in  Three- Quarter-Ton  and  Two- 
Ton  Capacity  White  Trucks. 

inches  in  length.  The  connecting  rod  big  end  is  2  inches  bore 
and  2l/2  inches  long.  Ample  bearing  is  also  provided  at  the 
wristpin,  which  is  1J4  inches  in  diameter,  which  has  a  bearing 
P%fl  inches  long.  The  pistons  are  provided  with  five  %0-inch 
width  rings.  Lubrication  is  by  circulating  system  and  a  pump 
of  the  centrifugal  type  keeps  the  water  moving.  An  18-inch 
diameter,  four-blade  fan  is  driven  by  a  built-up  V  section  leather 
belt.  The  exhaust  pipe  is  2l/2  inches  bore  and  a  standard  S.A.E. 
flange  intake  1^4  inches  bore  is  furnished.  The  weight  of  the 
engine  is  given  as  700  pounds. 

White  Truck  Engines. — The  White  motor  trucks  are  used  in 
very  large  quantities  and  are  equipped  with  two  different  forms 
of  power  plant.    That  shown  at  Fig.  68  is  used  on  the  trucks 
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F.g.  69  — Parts  of  White  Truck  Engine  Showing  Cylinder  Block  Con- 
struction,  Camshaft  and  Ball-Bearing  Crankshaft. 


ranging  in  capacity  from  three-quarters  of  a  ton  to  two  tons  and 
is  rated  at  22.5  horsepower.  It  is  remarkably  simple  and  com- 
pact in  construction.  As  will  be  seen  by  reference  to  Fig.  69,  the 
tour  cylinders  are  cast  in  a  block  and  are  2>Y\  inches  bore  and 
5:*  inches  stroke.    The. engine  is  designed  for  independent 
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mounting  and  delivers  its  rated  horsepower  at  a  normal  speed 
of  1,400  r.p.m.  The  distinctive  feature  of  this  model  engine 
is  the  use  of  ball  bearings  for  crankshaft  support  at  front  and 
rear,  while  the  center  bearing  is  a  plain  white  metal  bushed 
type.  The  White  G.N.  motor,  which  is  shown  at  Figs.  70  and 
71,  is  used  on  the  three-  and  hve-ton  trucks,  and  is  rated  at 
28.9  horsepower.  The  cylinders,  which  are  cast  in  a  block,  have 
a  detachable  cylinder  head.    The  bore  is  4}4  inches,  the  stroke 


Fig.  70.— The  White  G.  N.  Unit  Power  Plant  Used  in  the  Three-and- 

One-Half  and  Five-Ton  Trucks. 


5)4  inches.  The  power  plant  is  designed  so  that  it  may  be  run 
at  1,600  r.p.m.  without  any  danger  of  premature  depreciation. 
It  is  combined  with  a  clutch  and  change  speed  gearing  to  form 
a  unit  power  plant  with  three  point  suspension. 

International  Harvester  Truck  Engines. — The  engine  used  in 
the  one-ton  International  Harvester  Company  truck  is  known 
as  the  Model  E,  and  its  construction  is  clearly  shown  at  Fig.  72. 
The  external  view  at  A  shows  a  departure  from  the  usual  con- 
struction, because  the  fan  is  mounted  at  the  rear  of  the  cylinder 
block  instead  of  at  the  front  end.  This  is  made  necessary  be- 
cause the  radiator  on  this  truck  is  carried  back  of  the  engine 
instead  of  at  the  front  end.  It  will  be  also  noted  that  the  water 
outlet  pipe,  at  the  top  of  the  cylinder,  discharges  to  the  rear 
instead  of  to  the  front.  The  engine  is  of  the  four-cylinder  type, 
having  the  cylinder  cast  in  a  block  with  integral  cylinder  head 
and  water  jackets  of  liberal  proportions.  It  is  2>l/2  inches  bore 
and  5,x4  inches  stroke.   The  magneto  and  water  circulating  pump 
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pig.  71.  Rear  End  View  of  the  White  Model  G.  N.  Unit  Power  Plant 

are  located  at  the  front  end  of  the  engine  and  are  driven  by 
spiral  gearing.  A  special  design  centrifugal  governor  is  mounted 
at  the  front  end  of  the  crankshaft  and  works  the  carburetor 
throttle  valve  through  enclosed  leverage,  so  it  cannot  be  tam- 
pered with.  The  sectional  view  of  the  engine  at  Fig.  72,  B,  out- 
lines the  salient  points  of  construction  very  clearly. 


Digitized  by  Google 


140 


The  Motor  Truck 


The  engine  used  on  the  Model  G  International  Harvester 
Trucks,  which  are  of  two-ton  capacity,  is  clearly  shown  at 
Fig.  73.  The  exterior  vfew  at  A  depicts  the  location  of  power 
plant  auxiliaries  and  the  clean-cut  appearance  of  the  engine. 


Oil  Fr1l*»ri  \ 
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Fig.  72.— View  at  A  Shows  External  View  of  the  Model  E  Engine  Used 
in  the  One-Ton  Capacity  I.  H.  C.  Truck.  Sectional  View  Showing 
Interior  Construction  of  This  Engine  at  B. 
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Fig.  73.— Externa]  View  of  the  Model  G  I.  H.  C.  Engine,  Used  on  Two- 
Ton  Trucks.  Sectional  View  at  B  Shows  Interior  Arrangement  and 
Application  of  Overhead  Valve  Principle. 


The  sectional  view  at  B  shows  the  important  internal  parts 
clearly.  The  appearance  of  the  different  parts  comprising  the 
engine  assembly  when  it  is  dismantled  are  very  clearly  outlined 
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Fig.  74.— Showing  Important  Parts  of  the  Model  G,  I.  H.  C.  Motor  Truck 

Engine,  When  Dismantled. 


at  Fig".  74.  This  engine  has  the  cylinders  cast  in  a  block  with  a 
detachable  cylinder  head  carrying  the  overhead  valves.  The 
cvlinders  are  four-inch  bore  and  five-inch  stroke.  The  valves  are 
so  mounted  as  to  open  directly  into  the  cylinder  and  are  actuated 
by  overhead  rocker  levers,  which  are  in  turn  operated  from  the 
camshaft  carried  in  the  engine  base  by  vertical  tappet  rods.  As 
is  true  of  the  Model  E  engine,  the  magneto  and  water  pump  is 
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driven  by  a  cross  shaft  at  the  front  end  of  the  motor  and  the 
fan  is  placed  at  the  rear  end.  The  valve  mechanism  is  com- 
pletely enclosed  by  a  cast  housing  so  that  there  is  no  oppor- 
tunity for  dirt  or  grit  to  get  into  the  bearings  of  the  valve 
mechanism. 

The  Riker  Truck  Motor. — The  illustrations  at  Figs.  75  and 
7(\  show  the  Riker  motor  which  is  used  on  the  three-  and  four- 


Fig.  75. — Sectional  View  of  Riker  Motor  Truck  Engine. 


ton  jobs,  built  by  the  Locomobile  Company.  It  is  rated  at 
horsepower.  The  cylinders  are  4^4-inch  bore  by  6-inch 
stroke,  and  are  cast  in  pairs.  They  are  of  the  T-head  form,  in 
•vhich  the  valves  are  carried  on  opposite  sides  of  the  cylinder. 
The  engine  is  designed  for  independent  mounting  and  has  a  nor- 
mal speed  of  1,180  r.p.m.  The  crankcase  is  supported  by  three 
[*oints.  The  valve  openings  are  inches  in  diameter,  the 
*  rankshaft  is  of  the  five  main  bearing  type,  the  front  bearing  is 
IVa  inches  in  diameter  by  4*4  inches  long,  the  rear  2^  x4n/10 
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inches,  intermediate  bearings  2*4x3*4  inches.  The  connecting 
rod  big  end  is  2*4  inches  bore  and  2y2  inches  width.  The  wrist 
pin  bearing  is  I%0x2j4  inches.  The  pistons  are  long,  so  as  to 
obtain  a  full  bearing  in  the  cylinder  walls,  and  are  provided 
with  five  J^-inch  width  packing  rings,  four  being  carried  above 
the  wristpin  and  one  below  that  member.  The  lubrication  is 
by  a  circulating  oil  system.  A  centrifugal  water  pump  insures 
circulation  and  a  24-inch  diameter  belt-driven  ball  bearing  fan 


Pig.  78. — External  View  of  the  Four-Cylinder  Engine  Used  on  Mack 

A.  C.  Trucks. 


promotes  a  positive  air  flow  through  the  radiator.  The  exhaust 
is  2^  inches,  the  intake  1J/2  inches  bore.  The  engine  is  a  gov- 
erned type  and  its  weight  is  given  as  1,000  pounds. 

Mack  Truck  Motors. — The  part  sectional  view  at  Fig.  77  de- 
picts a  very  successful  heavy  duty  engine  of  the  four-cylinder 
type  which  is  used  on  the  Mack  A.  C.  trucks  of  3y2-  to  5-ton 
capacity.  The  cylinder  bore  is  five  inches  and  the  stroke  six 
inches.  The  cylinders  are  cast  in  pairs  and  are  of  the  L-head 
form.  The  exterior  view  of  the  engine  at  Fig.  78,  as  it  looks 
from  the  valve  side,  shows  a  substantial  construction  and  the 
system  of  supporting  the  crankcase.  The  engine  is  designed 
for  three  point  support  and  is  attached  to  the  frame  at  four 
points.    The  manner  in  which  this  is  accomplished  is  shown 
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Fig.  79.  Rear  View  of  the  Mack  A.  C.  Truck  Engine  at  A  Shows  Rear 

Engine  Hanger.  Front  View  of  This  Power  Plant  at  B  Shows  the 
One- Point  Support  of  the  Front  End  of  the  Crankcase,  Also  Loca- 
tion of  Pump  and  Ignition  Magneto. 

at  Fig.  79.  The  rear  view  at  A  shows  a  substantial  steel  casting 
rigidly  bolted  to  the  engine  crankcase  providing  two  points  of 
support,  each  side  of  this  casting  resting  on  the  frame  member 
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and  being  fastened  thereto  by  four  substantial  bolts.  The  view 
at  B  shows  how  this  engine  is  supported  by  a  trunnion  bearing  at 
the  center  of  the  front  supporting  arm,  which  is  also  a  sub- 
stantial steel  casting.  Even  though  the  arm  is  attached  to  the 
truck  frame  at  each  side,  the  engine  support  by  the  rocking 
trunnion  bearing  at  the  center  of  this  -casting  gives  the  three 
point  suspension  that  is  so  desirable.  As  this  engine  is  in- 
stalled ahead  of  the  radiator,  which  is  placed  just  forward  of 
the  dash,  the  water  outlet  pipe  points  to  the  rear.  The  magneto 
and  water  pump  are  located  at  the  front  end  and  are  driven 
by  a  cross  shaft.  A  novel  system  of  lubrication  is  used  with  this 
engine,  in  which  the  oil  reservoir  is  cast  integrally  with  the 
cylinder  block  so  that  the  oil  is  maintained  in  a  heated  con- 
dition in  the  Winter  and  assists  in  cooling  the  engine  during 
the  Summer.  This  oiling  system  will  be  described  in  proper 
sequence. 

Power  Plant  Installation. — The  method  of  installing  the  power 
plant  varies  on  different  types  of  automobiles,  though  the  major- 
ity of  cars  have  the  engine  placed  at  the  extreme  front  end  of 
the  chassis.  In  some  early  types  of  cars,  where  double-cylinder 
motors  of  the  horizontal  type  were  used,  the  motor  was  placed 
under  the  body.  This  type  of  construction  is  nearly  obsolete 
at  this  time  and  is  found  only  on  one  commercial  car,  and  in 
this  the  motor  is  located  under  the  seat. 

The  power  plant  is  often  combined  with  the  clutch  and  change 
speed  gearing  in  such  a  way  as  to  form  a  unit  construction. 
This  method  of  joining  the  parts  is  widely  used  at  the  present 
time,  and  is  superior  to  the  other  common  method,  where  the 
motor  and  change  speed  gears  are  independent  units.  Each 
method  has  advantages.  As  will  be  evident  when  the  gearset 
and  motor  are  separate,  the  transmission  may  be  removed  from 
the  chassis  frame  without  disturbing  the  power  plant,  and  vice 
versa.  At  the  other  hand,  when  the  unit  construction,  as  shown 
at  Fig.  70,  is  used,  it  is  sometimes  difficult  to  remove  one  member 
without  having  to  take  the  entire  unit  from  the  frame.  In  some 
trucks,  notably  the  chain  drive  models,  it  is  preferable  to  have 
the  change  speed  gearing  combined  with  the  countershaft  rather 
than  with  the  power  plant. 

The  unit  construction  has  the  advantage  of  retaining  positive 
alignment  of  the  gearset  with  the  engine  indefinitely.  This  rela- 
tion between  the  pirts  is  obtained  when  they  are  first  assembled 
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Axle  in  Place  Showing  Three- Point  Suspension  Principle 
Utilized  in  This  Design. 
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and  the  alignment  cannot  be  changed  by  any  condition  of  oper- 
ation after  the  unit  is  installed  in  the  frame.  This  method  of 
mounting  also  permits  the  three-point  suspension  which  is  very 
desirable.  For  instance,  the  power  plant  shown  at  Fig.  61  is  to 
be  supported  on  four  points,  and  the  gearset  is  supported  on 
another  series  of  four  points.  While  the  tendency  of  these 
members  is  to  brace  the  frame  and  prevent  disalignment,  it  is 
possible  on  extremely  rough  roads  for  the  frame  distortion  to 


Fig.  81.— Front  View  of  Mack  A.  C.  Truck  Showing  Method  of  Power 
Plant  Installation  and  Location  of  Engine  Ahead  of  the  Radiator. 


vary  the  relation  of  the  transmission  and  engine  shaft  to  some 
extent.  Where  a  three-point  suspension  is  employed,  as  outlined 
at  Fig.  80,  the  frame  distortion  will  not  impose  stress  on  tht- 
power  plant,  because  in  a  rigid  unit  construction  all  parts  must 
remain  in  alignment.  The  advantages  of  this  design  are  becom- 
ing better  appreciated,  and  it  is  widely  used  at  the  present  time. 

At  Fig.  55,  a  typical  four-cylinder  power  plant  and  transmis- 
sion unit  adapted  for  three-point  support  is  clearly  shown.  To 
show  the  method  of  power  plant  installation  that  is  generally 
employed  when  engine  and  gearset  were  separate  units,  the  view 


Google 


Power  Plant  Installation 


152 


The  Motor  Truck 


at  Fig.  81  is  presented,  this  showing  a  typical  four-cylinder 
power  plant  viewed  from  the  front,  showing  clearly  the  method 
of  supporting  the  engine  base  by  four  arms  and  yet  obtaining 
a  three-point  suspension  of  the  engine.    In  most  types  of  corn- 


Fig.  83.— Diagram  Showing  Construction  of  Removable  Power  Plant 

Unit  in  Maccar  Truck. 


mercial  vehicles  the  motor  is  installed  at  the  front  end,  under 
the  hood,  as  in  pleasure  car  practice,  as  outlined  at  Fig.  82,  but 
in  rare  cases  it  is  placed  at  practically  the  same  point,  but  under 
floor  boards  or  driver's  seat. 

The  advantages  of  the  motor  under  the  seat  location  may  be 
very  well  summed  up  by  saying  that  it  permits  more  loading 
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space  and  less  over-all  or  wheel  base  for  a  given  carrying 
capacity.  The  shorter  wheel  base  vehicle  is  especially  valuable 
in  congested  city  traffic,  because  it  may  be  more  easily  controlled 
when  driving  in  narrow  thoroughfares,  taking  corners,  or  back- 
ing up  to  a  loading  platform.  The  main  advantage  advanced 
for  the  motor  in  front  type  of  commercial  vehicle  is  accessibility 
of  power  plant,  which  may  be  easily  reached  by  raising  the  hood. 
This  feature  is  not  lost  when  the  motor  is  placed  under  the  seat, 
however,  because  all  average  adjustments  may  be  made  by 
raising  the  floor  boards  or  by  opening  a  hinged  door  at  the  side 
of  the  motor  compartment. 

Some  makers  install  the  motor  in  a  sub-frame  and  arrange  the 
components  in  such  a  manner  that  they  may  be  removed  as  a 
unit,  permitting  ready  access  to  the  motor  and  making  for  its 
prompt  removal  in  event  of  overhauling  or  serious  accident. 
Such  a  construction  is  shown  at  Fig.  83,  which  depicts  a  medium 
capacity  truck  with  the  power  plant  units  removed  from  the 
frame.  It  will  be  seen  that  this  unit  includes  the  radiator,  con- 
trol levers,  engine,  gearbox  and  frame  for  the  support  of  the 
floor  boards.  The  seat  unit  is  separate  and  is  designed  to  fit 
over  the  fuel  tank  when  it  is  in  place  on  the  chassis.  This  con- 
struction has  advantages,  but  is  unusual  at  the  present  time, 
only  one  maker  producing  trucks  having  this  feature. 

Engine  Design  for  Pneumatic  Tired  Trucks. — In  a  letter  pub- 
lished in  "Automobile  Industries,"  H.  L.  Horning,  General  Man- 
ager of  the  Waukesha  Motor  Company,  a  well-known  builder 
of  motor  truck  and  tractor  motors,  discussed  engine  design  for 
pneumatic  tired  trucks  that  are  now  the  vogue  for  many  pur- 
poses. The  information  given  is  based  on  a  wide  experience  and 
cannot  fail  to  be  of  interest  to  any  reader  interested  in  truck 
engine  design. 

Fuels  are  not  going  to  improve  in  volatility,  but  rather  will 
decrease,  reaching  an  end  point  of  500  degrees  Fahr.  in  1925. 
This,  we  estimate,  will  be  higher  than  the  average  offered  then, 
but  will  have  to  be  handled  well  by  the  vaporizers  if  the  motors 
arc  not  to  be  injured.  Therefore,  for  a  given  size  engine,  there 
must  be  an  allowance  made  for  the  loss  in  weight  of  charge 
due  heating  mixture  and,  hence,  in  power.  Likewise,  an  allow- 
ance will  be  made  for  lower  compression  possible  because  of  the 
detonation  tendency  of  higher  end  point  fuels.  For  a  given 
engine  displacement,  the  loss  in  power  due  to  all  these  factors 
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will  be  at  least  ten  per  cent  at  medium  speeds.  Therefore,  to 
maintain  power  at  a  given  speed,  the  displacement  should  be  at 
least  eleven  per  cent  greater. 

Pneumatic  tires  for  trucks  are  only  a  matter  of  development. 
They  must  come,  for  they  solve  so  many  mechanical  and  trans- 
portation problems.  Pneumatic  tires  mean  speed  of  truck,  and 
in  order  to  keep  high  the  ratio  of  net  to  gross  weight  and  econ- 
omy of  engine  performance  by  maintaining  a  high  load  factor, 
the  engine  must  be  of  higher  displacement,  but  also  must  be 
capable  of  higher  sustained  engine  speeds.  For  a  given  sized 
truck,  it  is  advisable  to  use  at  least  twenty  per  cent  higher  dis- 
placement for  pneumatic  tires.  We,  therefore,  have  an  engine 
of  thirty-three  per  cent  greater  displacement  for  a  given  capacity 
of  pneumatic  tired  job  with  poorer  fuel  than  with  solid  and 
good  fuel. 

We  must  have  greater  speed  of  engine  for  the  purpose  of  added 
power  to  sustain  the  higher  truck  speeds  on  the  higher  gears. 
Higher  motor  speeds  will  lessen  the  detonation  tendency  of 
lower  grade  fuels.  Higher  engine  speeds  mean  lighter  engine 
weights  per  power  developed,  a  factor  that  reduces  tractive  re- 
sistance as  well  as  gross  weights. 

Higher  engine  speeds  demand  stiffer  crankcase  and  crank- 
shafts and  larger  bearings.  This  is  particularly  true  of  the  center 
crankshaft  bearing  and  rod  bearings.  Class  B  practice  of  center 
and  rear  bearings  alike,  with  front  main  and  rod  bearings  alike, 
admirably  meets  the  problem  of  increasing  speed,  as  well  as 
attaining  a  service  ideal.  High  engine  speeds  make  it  imperative 
to  have  connecting-rod  bearings  on  the  piston  center.  Offset 
rod  bearings  have  no  place  on  modern  engines.  This  is  par- 
ticularly necessary  for  smooth  running  when  the  engine  is  old. 
High  engine  speeds  under  load  are  not  detrimental  to  well- 
constructed  engines,  but  high  speeds  with  no  load  are  verv 
damaging.  We,  therefore,  plan  for  a  maximum  speed  governor 
to  hold  the  idle  speed  within  reason.  Smaller  engines  can  run 
at  higher  speeds,  due  to  better  cooling,  hence  the  crankshafts 
should  be  relatively  larger.  We  have,  therefore,  made  all  engines 
from  289-inch  to  492-inch  displacement  of  the  same  diameter  of 
crank,  with  all  camshaft  holes  the  same  as  crank,  so  that  service 
reamers  can  be  used  on  main  rods  and  camshaft  bearings.  High 
speed  in  engines  demand  ample  valve  capacity,  which  need  not 
mean  larger  valve  sizes  or  excessive  lifts.    For  economy,  gas 
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velocities  should  be  such  as  will  assure  good  turbulence  of 
charge,  giving  higher  velocities. 

For  highest  economy  of  operation  the  engine  should  be  so 
designed  as  to  give  a  flat  economy  curve,  and  special  effort 
should  be  made  to  give  a  good  economy  for  half  loads  and  less. 
The  application  should  be  so  worked  out  that  the  average  speed 
of  truck  corresponds  to  the  speed  of  maximum  economy,  and 
when  in  this  position  the  speed  of  maximum  torque  will  be  about 
ten  per  cent  lower.  Trucks  seldom  average  over  fifty  per  cent 
of  the  governed  speed.  High  engine  speeds  demand  a  water 
pump  of  special  characteristics.  A  centrifugal  pump  which  will 
give  ample  water  at  speed  is  usually  unfit  for  slow  truck  speeds 
at  high  temperatures.  If  satisfactory  for  slow  speed  and  high 
temperatures,  it  keeps  the  water  temperature  too  low  for  econ- 
omy at  high  speeds.  There  are  reasonable  limits  beyond  which 
it  is  not  practical  to  go,  either  in  piston  speeds  or  r.p.m.  There- 
tore,  some  of  the  increase  in  truck  speed  must  be  provided  for 
in  gear  ratios. 

The  difference  between  some  stock  engines  of  old  types  and 
new  types  may  be  expressed  as  follows:  An  old-type  engine 
would  not  go  one-tenth  as  long  at  1,800  revolutions  full  load  as  a 
new-type  engine.  On  high  speed  engines  valve  trouble  will  be 
greater  and  some  effort  at  rotation  will  probably  be  necessary. 
Far  better  engineering  and  experimental  work  will  have  to  be 
•lone  on  the  trucks  designed  for  pneumatic  work  than  has  been 
done  on  solid-tired  job.  The  present  practice  of  letting  over- 
enthusiasm  force  acceptance  of  a  new  model  will  give  way  to  a 
persistant  effort  to  attain  an  ileal  in  performance. 
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MOTOR  TRUCK  FUEL  AND  CARBURETION  SYSTEMS 

Gasoline  Specifications — Heavier  Grades  are  Cheaper — Kerosene  and 
Fuel  Oil — Special  Vaporizers  Needed  for  Kerosene — Benzol  Fuel  for 
Gasoline  Engines — Liquid  Fuel  Storage  and  Supply — Vacuum  Tank 
System — Vacuum  Tank  Action — Air  Pressure  System — Packard  Fuel 
System — Principles  of  Carburetion  Outlined — What  a  Carburetor 
Shoutd  Do — Best  Mixture  Proportions — Development  of  Float  Feed 
Carburetor — Elements  of  Carburetor  Design — Venturi  Type  Mixing 
Chamber — Packard  Carburetor — Packard  Governor  Construction — 
Use  of  Hand  Throttle  Lever  and  Accelerator — Packard  Fuelizer — 
Stromberg  One  Nozzle  Type — Stromberg  Double  Jet — Stromberg 
Type  M  Carburetor — Rayfield  Mixed  Type — Rayfield  Adjustment — 
Rayfield  Model  O — Zenith  Carburetor  Construction — Schebler  Model 
A  Plain  Tube  Carburetor — Holley  Model  K  Carburetor — Ensign 
Carburetor — Cold  Weather  Starting — Air  Cleaner — Methods  of  Gas 
Supply  Regulation — Hydraulic  Governor — Kramer  Governor — Pierce 
Governor — Simplex  Governor — Care  of  Simplex  Governor. 

Gasoline  Specifications. — The  Bureau  of  Mines  at  Washings 
ton  has  issued  tentative  specifications  for  the  purchase  of  gaso- 
line by  the  Government,  and  outlines  its  ideas  as  follows: 

1.  Neither  the  gasoline  nor  its  products  of  combustion  should 
have  a  strong  or  markedly  disagreeable  odor,  this  being  objec- 
tionable to  users  of  motor  cars. 

2.  The  gasoline  should  be  free  from  matter  which  is  not  hydro- 
carbon, such  as  water,  sediment,  acid,  and  so  on. 

3.  The  gasoline  should  be  free  from  bodies  which  either  orig- 
inally or  after  combustion  attack  the  metal  composing  the  engine. 
Acid  removed  in  refining  and  excessive  sulphur  content  fall  un- 
der this  head. 

4.  The  gasoline  should  not  contain  excessive  percentages  of 
unsaturated  or  aromatic  hydrocarbon,  since  some  evidence  is  at 
hand  to  indicate  that  there  may  be  limits  in  the  ability  of  motors 
as  at  present  constructed  and  adjusted,  to  utilize  these  products. 
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5.  The  gasoline  should  not  contain  too  high  a  percentage  of 
very  volatile  products  which  tend  toward  high  evaporation  losses 
and  excessive  danger  in  handling  and  storage. 

The  gasoline  should  not  contain  any  considerable  percentages 
of  heavy  or  non-volatile  constituents  which  prevent  the  atomiza- 
tion  into  engine  cylinders  of  a  mixture  which  can  be  burned 
completely. 

Heavier  Grades  Are  Cheaper. — At  the  present  time  several 
grades  of  gasoline  are  sold,  these  generally  being  classified  ac- 
cording to  their  specific  gravity,  though  the  distinctive  quality 
is  that  of  volatility.  The  gasolines  with  low  specific  gravity,  and 
generally  with  low  boiling  range,  sell  for  the  highest  prices. 
Heavier  grades  are  cheaper,  and,  if  properly  used,  they  are 
capable  of  developing  more  power  per  unit  volume  than  are 
the  lighter  gasolines. 

The  Bureau  of  Mines  has  considered  it  advisable  to  divide 
gasoline  into  three  classes,  according  to  the  maximum  tempera- 
ture limit  in  degrees  Centigrade  below  which  ninety  to  ninety- 
tive  per  cent  by  volume  must  distill.  The  high-grade  gasoline 
is  to  be  used  for  special  purposes,  such  as  for  aeroplanes  and 
so  on,  and  should  include  products  of  the  type  now  sold  in  the 
eastern  market  as  of  70  degrees  Beaume  or  over.  The  middle 
gTade  is  to  be  used  for  motor  cars  of  a  design,  say,  two  years 
ajjo.  and  is  represented  by  the  type  of  gasoline  now  sold  in  the 
eastern  market  which  ranges  from  65  to  70  degrees  Beaume. 
The  third  grade,  represented  by  the  gasolines  now  sold  in  the 
eastern  markets  as  around  60  per  cent  Beaume  gravity,  is  used 
satisfactorily  in  up-to-date  motor  car  engines.  It  is  realized 
that  the  motor  car  engine  has  been  improved  so  that  it  can  use 
a  heavier  grade  of  fuel  than  was  possible  a  few  years  ago. 

Kerosene  and  Fuel  Oil.— Kerosene  oil  is  now  taking  a  front 
rank  among  the  fuels  for  explosive  power,  and  crude  petroleum 
is  growing  in  favor  as  the  most  economical  explosive-power  fuel 
in  use.  Kerosene-oil  motors  are  largely  in  the  market  and  a 
number  of  concerns  are  building  motors  for  crude-oil  fuel.  A 
"hiel-oil"  (distillate)  obtained  from  the  residue  after  the  kero- 
sene has  passed  over  from  the  still,  and  a  grade  cheaper  than 
kerosene,  is  becoming  available  as  an  explosive-power  fuel. 
Kerosene  has  a  variable  specific  gravity  from  0.78  to  0.82,  a 
vapor-flashing  point  at  120°  to  125°  F.,  and  the  oil  ignites 
when  heated  to  about  135°  F.,  and  boils  at  about  400°  F.  Its 
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vapor  is  five  times  heavier  than  air  and  requires  about  190  cubic 
feet  of  air  per  pound  for  its  complete  combustion,  or  76  cubic 
feet  of  air  per  cubic  foot  of  its  vapor.  Its  heat  of  combustion 
varies  slightly  from  22,000  B.T.U.  per  pound.  Fuel-oil  (dis- 
tillate) has  an  average  specific  gravity  of  0.82  and  weighs  7.3 
pounds  per  gallon.  Its  vapor-flashing  temperature  is  218°  F., 
and  temperature  of  distillation  above  400°  F.,  and  it  has  a  heat- 
unit  value  of  about  18.000  per  pound. 

Special  Vaporizers  Needed  for  Kerosene. — As  kerosene  forms 
one  of  the  larger  portions  of  the  distillates  of  crude  oil,  it  is 
apparent  that  if  this  material  could  be  used  as  fuel  for  internal 
combustion  engines  it  might  replace  gasoline  to  a  certain  extent. 
If  considered  from  a  point  of  view  of  heat  units  contained  or 
heating  value,  kerosene  would  be  a  better  fuel  than  gasoline, 
though  considering  it  with  its  other  disadvantages  in  mind  it  is 
not  so  suitable  for  use  in  existing  types  of  motors.  The  chief 
difficulty  which  retards  its  use  is  that  it  will  not  vaporize  readily 
at  ordinary  temperatures,  and  before  it  will  evaporate  sufficiently 
to  form  a  gas  with  air  it  must  be  heated.  This  calls  for  specially 
constructed  vaporizing  devices  and  jacketed  manifolds,  which 
will  be  described  in  proper  sequence.  Owing  to  the  low  rate 
of  evaporation  it  is  contended  that  it  cannot  be  used  successfully 
on  high-speed  motors  where  flexibility  of  control  is  desired  and 
where  the  engine  must  be  accelerated  from  its  minimum  to  the 
highest  speed  in  a  short  time.  On  slow  and  moderate  speed 
motors,  such  as  used  for  stationary  tractor  and  marine  service, 
kerosene  has  been  employed  with  some  degree  of  success. 

Benzol  Fuel  for  Gasoline  Engines. — In  England,  where  gaso- 
line sold  for  65  cents  a  gallon  in  normal  times,  or  100  per  cent 
more  than  the  average  price  in  this  country,  engineers  have 
sought  to  use  benzol  which  is  said  to  be  adaptable  to  the  present 
type  of  motors  without  change,  and  in  cases  where  it  -has  been 
used  as  much  power  is  obtained  as  with  gasoline.  This  material 
is  a  by-product  incidental  to  the  manufacture  of  illuminating 
gas  and  coke,  and  while  it  was  formerly  distilled  from  coal-tar 
and  obtained  only  in  small  quantities,  improved  methods  make 
it  possible  to  produce  about  three  gallons  from  every  ton  of 
coal  changed  into  coke  or  gas.  The  former  material  was  at  one 
time  produced  by  a  process  which  permitted  the  gas  to  escape, 
but  at  the  present  time  this  is  retained  and  condensed  to  form 
benzol.    The  crude  product  is  a  foul-smelling  liquid,  which  has 
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about  the  same  consistency  and  color  as  heavy  ale.  When  sub- 
jected to  a  refining  process  the  dirty  liquid  is  converted  to  one 
that  is  about  the  same  color  as  water. 

Benzol  is  not  as  volatile  as  gasoline,  but  it  is  claimed  that  a 
motor  may  be  started  without  difficulty  with  this  fuel  supplied 
to  a  carburetor  of  ordinary  construction.  Owing  to  the  greater 
number  of  heat  units  it  contains,  it  is  said  it  will  develop  more 
power  than  gasoline,  and  as  it  will  not  evaporate  so  readily  it 
does  not  become  stale  or  heavy  so  soon  by  the  vaporization  of 
the  lighter  fractional  constituents.  A  disadvantage  incidental 
to  its  use  has  been  that  owing  to  it  being  richer  in  carbon  than 
gasoline,  it  would  deposit  more  of  this  substance  on  the  piston 
head  and  interior  of  the  combustion  chamber.  While  this  may 
be  true  of  poorly  refined  benzol,  and  when  mixture  proportions 
are  not  correct,  it  applies  equally  well  when  present  low  grades 
of  gasoline  are  used  and  when  the  mixture  of  gasoline  vapor  and 
air  supplied  the  cylinders  is  too  rich. 

The  average  carburetor  will  vaporize  benzol  at  Summer  tem- 
perature, but  starting  is  harder  in  cold  weather.  The  carburetors 
fitted  with  heating  arrangements  for  air  are  best,  but  as  this  is 
now  almost  universal  practice  in  all  automobiles  owing  to  the 
low  volatility  of  the  gasoline  used,  it  cannot  be  advanced  as  an 
objection  to  the  use  of  benzol.  In  the  early  experiments  carried 
out  in  England,  it  was  found  that  the  exhaust  valve  seats  pitted 
more  easily  with  benzol  and  air  mixtures,  but  this  condition 
was  attributed  to  the  use  of  improperly  refined  fuel  and  the 
liberation  of  acid  gases  during  combustion  which  had  a  decided 
chemical  effect  on  the  hot  valve  metal.  The  price  of  benzol 
varies  with  locality  in  many  communities.  In  this  country  it 
can  be  obtained  ordinarily  only  at  drug  stores  or  from  hardware 
merchants,  but  in  general  the  average  price  is  higher  than  gaso- 
line. Combination  fuels,  consisting  of  alcohol  and  benzol,  are 
being  marketed  in  a  few  sections  of  the  country  where  these 
substances  are  cheaper  than  gasoline  because  of  local  conditions. 
The  Germans  made  considerable  use  of  such  combinations  and 
experimented  to  determine  the  most  economical  proportions  to 
use. 

According  to  our  Army  Intelligence  Reports,  many  of  the 
German  army  automobiles  were  being  run  on  a  mixture  of  benzol 
and  alcohol  during  the  war.  As  soon  as  Germany  found  herself 
cut  off  from  outside  supplies  of  gasoline,  a  technical  committee 
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was  appointed  to  find  a  substitute.  Experiments  were  carried 
out  with  a  Mercedes  touring  car  equipped  with  an  ordinary 
carburetor,  when  mixtures  of  alcohol  and  benzol  were  found  to 
give  satisfactory  results.  Summarized,  the  results  obtained  in 
these  tests  were  as  follows: 


Speed 

Miles 

Obtained 

on  1  Liter 

Benzol 

Alcohol 

M.  p.  h. 

of  fuel 

1  part 

1  part 

422 

4.66 

1  part 

2  parts 

41 

4.4 

1  part 

3  parts 

39.1 

4.3 

1  part 

4  parts 

38.5 

4.1 

1  part 

5  parts 

36 

3.7 

Benzol  only 

41.6 

3.79 

Gasoline  only 

43.49 

3.6 

Calculating  on  the  rates  existing  before  the  war,  the  benzol- 
alcohol  mixture  is  the  cheapest  fuel  obtainable.  One  liter  of 
gasoline  costs  nine  cents,  benzol  8.6  cents  and  alcohol  8.2  cents. 
The  cost  per  kilometer  works  out  as  follows : 


Cents 

Gasoline    0.0157 

Benzol    0.01362 

Alcohol-benzol  50  per  cent   0.0125 

Pure  Alcohol    0.0167 


This  shows  that  a  fifty  per  cent  mixture  of  alcohol  and  benzol 
is  the  most  economical,  and  it  is  this  fuel  which  had  been  used 
throughout  the  German  motor  transport  service  when  gasoline 
could  not  be  obtained.  The  only  inconvenience  experienced  was 
the  necessity  of  a  preliminary  heating  of  the  carburetor.  Start- 
ing the  motor  was  a  difficult  task,  and  on  several  occasions  when 
the  army  had  been  retreating,  automobiles  were  abandoned  on 
this  account.  This  difficulty  was  overcome  by  the  obvious  ex- 
pedient of  fitting  a  supplementary  tank  containing  a  small  quan- 
tity of  gasoline  or  ether.  A  three-way  cock  allows  the  auxiliary 
tank  to  be  put  into  connection  with  the  carburetor  for  starting 
purposes.  As  soon  as  the  motor  is  warm  the  reserve  volatile 
fuel  is  shut  off  and  the  alcohol-benzol  mixture  supplied  to  the 
motor.  In  case  of  a  breakdown  near  the  enemy's  lines,  or  the 
loss  of*  the  main  fuel  supply  through  a  bullet  or  piece  of  shell 
piercing  the  tank,  the  reserve  supply  was  used.  This  was  enough 
to  take  the  vehicle  ten  or  twelve  miles,  which  was  generally 
sufficient  to  remove  it  from  the  danger  zone. 
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Liquid  Fuel  Storage  and  Supply. — The  problem  of  gasoline 
storage  and  method  of  supplying  the  carburetor  is  one  that  is 
determined  solely  by  design  of  the  truck.  While  the  object  of 
designers  should  be  to  supply  the  fuel  to  the  carburetor  by  as 
simple  means  as  possible,  the  fuel  supply  system  of  some  trucks 
is  quite  complex.   The  first  point  to  consider  is  the  location  of 


Pig.  84. — Fuel  Supply  of  International  Harvester  Motor  Truck.  The 
View  at  A  Shows  a  Gravity  Tank.  That  at  B  Outlines  Use  of 
Vacuum  Tank,  While  Special  Fuel  Filter  is  Shown  at  C. 


the  gasoline  tank.  This  depends  upon  the  amount  of  fuel  needed 
and  the  space  available  in  the  truck  body. 

A  very  simple  and  compact  fuel  supply  system  is  shown  at 
Fig.  84,  A,  which  represents  a  simplified  view  of  the  motor  com- 
partment of  the  International  Harvester  truck.  The  power 
plant  in  this  light  truck  is  a  small  four-cylinder  engine  of  com- 
paratively low  power  and  correspondingly  low  fuel  consump- 
tion. As  it  does  not  require  much  gasoline  to  run  a  small  engine, 
one  can  obtain  a  satisfactory  operating  radius  on  one  filling  of 
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a  comparatively  small  tank.  In  this  instance  the  fuel  container 
is  suspended  from  the  dashboard  and  is  placed  immediately  back 
of  it,  the  dash  separating  it  from  the  engine  cylinders.  The  car- 
buretor, which  is  carried  as  indicated,  is  joined  to  the  tank  by 
a  short  piece  of  copper  tubing.  This  is  the  simplest  possible 
form  of  fuel  supply  system.  A  special  form  of  combined  strainer 
and  shut-off  fitting  is  supplied  that  permits  of  drawing  the  gaso- 
line from  two  levels  in  the  tank.  One  portion  serves  as  a  regu- 
lar source  of  supply ;  that  below  it  serves  as  a  reserve  supply. 
The  fuel  system  used  on  the  Ford  light  delivery  wagon  and 
truck  shown  at  Fig.  85  is  a  simple  gravity  feed,  as  the  tank  car- 
ried under  the  seat  is  raised  a  sufficient  height  to  insure  positive 
supply  of  fuel.  In  the  Dodge  light  army  truck,  the  tank  was 
carried  back  of  the  seat,  as  at  Fig.  86. 

In  some  cases,  even  when  the  fuel  container  is  carried  under 
the  seat,  as  at  Fig.  87,  it  cannot  be  placed  high  enough  to  ob- 
tain positive  supply  by  gravity  head.  In  this  case,  two  methods 
of  forcing  fuel  flow  are  possible.  In  one,  as  shown  at  Fig.  84,  B, 
and  Fig.  87,  a  vacuum  tank  is  placed  on  the  dash ;  in  the  other, 
pressure  feed  by  air  pumped  into  the  tank  to  displace  the  fuel 
is  employed. 

Vacuum  Tank  System. — The  vacuum  tank  system  is  very 
popular  at  the  present  time  and  is  used  on  most  of  the  modern 
passenger  automobiles,  but  is  not  as  widely  used  on  trucks  where 
the  simpler  gravity  feed  systems  are  favored.  The  tank  is  car- 
ried under  the  seat  or  at  the  rear  of  the  dash,  and  fuel  is  drawn 
by  the  engine  suction  from  the  main  container  to  the  auxiliary 
tank  shown  at  Fig.  88.  The  float  mechanism  interrupts  the 
vacuum  feed  when  the  tank  is  sufficiently  full  by  shutting  off 
the  suction  pipe  and  opening  an  atmospheric  valve  that  lets  in 
air  to  break  the  partial  vacuum.  It  requires  considerable  move- 
ment of  the  float  to  trip  the  lever  F  and  change  the  relative  po- 
sition of  the  suction  valve  A  and  the  atmospheric  valve  B.  When 
B  is  seated,  A  is  open  and  the  engine  draws  gasoline  into  the 
upper  or  float  chamber.  When  A  is  seated,  B  is  open  and  the 
transfer  of  fuel  from  main  container  to  auxiliary  tank  ceases. 
The  simplicity  of  the  mechanism  is  such  that  there  is  little  pos- 
sibility of  trouble. 

Engine  suction  through  pipe  C  draws  gasoline  through  pipe 
D  into  the  upper  chamber,  and  when  the  float  G  has  risen  to 
the  top  suction  is  cut  off  by  the  valve  A  and  no  more  fuel  flows. 
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Fig.  88.— Sectional  View  Showing  Interior  Arrangement  of  Vacuum  Feed 

Fuel  Supply  Tank. 
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Valve  B  is  then  opened,  allowing  atmospheric  pressure  to  enter 
the  chamber;  the  fuel  then  drops  through  the  check  valve  H  to 
the  lower  chamber,  which  is  always  under  atmospheric  pressure, 
through  air  vent  R,  and  is  then  fed  to  the  carburetor  by  gravity 
through  pipe  K  in  an  uninterrupted  flow. 

It  is  very  unlikely  that  it  will  ever  be  necessary  to  open  tank, 
but  if  it  is  opened,  then  follow  directions  carefully.  Before  pro- 
ceeding to  repair  the  vacuum  tank  make  absolutely  sure  that 
the  trouble  is  not  due  to  faulty  conditions  elsewhere  by  remov- 
ing connections  of  pipe  D  to  tank.  See  if  screen  V  (Fig.  88) 
is  not  clogged.  Examine  closely  other  causes  for  trouble  of  a 
like  nature,  such  as  loose  gasoline  lines,  designated  as  D  and 
C.  Follow  line  D  very  carefully  from  main  gasoline  tank  to 
vacuum  tank  and  inspect  all  connections ;  also  see  that  line  C 
from  vacuum  tank  to  engine  intake  has  no  loose  fittings.  If, 
however,  after  examining  all  other  causes  which  would  likely 
make  trouble,  you  have  satisfied  yourself  that  there  is  trouble 
in  vacuum  tank,  there  are  several  tests  you  can  make  before 
disassembling  tank  which  can  be  very  easily  made  as  follows: 

Open  petcock  J  at  bottom  of  vacuum  tank — if  there  flows 
out  one-sixth  of  a  pint  or  more  of  gasoline  your  trouble  is  not 
in  the  tank.  To  test  flapper  valve  II,  plug  up  air  vent  R,  then 
detach  tubing  from  bottom  of  tank  to  carburetor,  start  motor 
by  using  the  starter  and  apply  finger  to  the  opening.  If  suction 
is  felt  continuously,  then  it  is  evident  that  flapper  valve  H  is 
being  held  off  its  seat  and  is  letting  air  into  the  chamber.  To 
remedy  this  trouble  proceed  as  follows :  Remove  plug  W  in  top 
and  squirt  a  little  gasoline  into  the  tank,  which  will  wash  sedi- 
ment off  valves  and  moisten  them.  This  should  cause  tank  to 
work  immediately.  If  it  does  not  it  will  be  necessary  to  remove 
tup  from  tank  by  loosening  the  eight  screws.  When  you  have 
taken  out  screws  the  utmost  care  should  be  taken  in  removing 
top  from  tank  so  as  not  to  damage  gasket,  as  it  is  very  neces- 
sary when  replacing  that  this  joint  be  absolutely  airtight.  After 
taking  cover  off  lift  out  the  inner  tank.  The  flapper  valve  will 
be  found  screwed  into  the  bottom  of  this  inner  tank  and  may 
have  sediment  on  it,  which  can  be  scraped  off  with  knife.  Valves, 
levers  and  springs  are  fastened  on  top. 

Air  Pressure  System. — The  pressure  feed  method  of  fuel  sup- 
ply is  well  exemplified  by  the  Packard  system  which  is  clearly 
outlined  at  Fig.  89,  which  shows  the  main  elements  of  the  fuel 
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group.  The  gasoline  flow  is  due  to  the  displacement  of  the  liquid 
by  air  pressure,  an  engine-driven  pump  insuring  the  mainte- 
nance of  constant  air  supply  to  replace  the  fuel  burned  in  the 
engine.  A  hand  pump  serves  for  pumping  air  when  the  engine 
is  not  functioning,  as  fully  explained  in  the  description  of  the 
Packard  fuel  supply  system  which  follows. 

Packard  Fuel  System. — The  gasoline  tank,  located  under  the 
seat,  is  of  heavy  gauge  tinned  steel.  In  filling  the  tank,  pour  the 
gasoline  through  a  chamois  skin  to  free  it  from  water  and  im- 
purities, but  in  doing  so  make  sure  that  the  side  of  the  funnel 
makes  a  firm  contact  with  the  gasoline  tank.  Gasoline  and 
chamois,  when  brought  into  contact,  form  static  electricity, 
which  may  cause  a  jump  spark  unless  the  funnel  is  grounded  to 
the  tank. 

The  gasoline  tank  capacities  are  as  follows: 

-  Model  Capacity 

1-  ton   gallons 

1^-ton   W/2  gallons 

2-  ton   16J/S  gallons 

3-  ton   21  gallons 

4-  ton  21  gallons 

5-  ton   27  gallons 

6-  ton   27  gallons 

The  gasoline  shut-off  is  located  under  the  gasoline  tank  at 
the  left  side.  Near  each  end,  on  the  bottom  of  the  gasoline  tank, 
are  draincocks.  These  can  be  used  for  draining  off  gasoline  or 
any  sediment  that  has  accumulated  in  the  tank. 

The  flow  of  gasoline  from  the  tank  to  the  carburetor  on  all 
models  is  maintained  by  air  pressure.  The  air  pressure  is  fur- 
nished by  an  air  pump,  located  on  the  right  side  of  the  motor 
crankcase.  This  pump  is  driven  from  the  camshaft.  It  draws 
air  from  outside  the  crankcase  and  forces  it  under  pressure  past 
the  relief  valve  in  the  pump  body  to  the  gasoline  tank.  The 
Hand  or  emergency  pump  on  the  dash  provides  means  of  ob- 
taining initial  air  pressure  before  the  motor  is  started.  It  is 
-sed  when  the  gauge  on  the  dash  shows  that  there  is  no  air 
pressure  in  the  gasoline  tank.  The  plunger  leather  of  this  pump 
should  be  oiled  occasionally  with  neat's-foot  oil.  Mineral  oils 
improve  the  operation  of  the  pump  only  temporarily  and  tend 
to  dry  up  the  leather.  When  a  truck  has  been  standing  over 
night  or  the  motor  becomes  cool,  an  initial  flow  of  gasoline  may 
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be  obtained  by  a  few  strokes  of  the  hand  pump.  The  hand 
pump  stopcock  handle  should  be  turned  up  when  the  pump  is 
not  in  use.  To  obtain  pressure  by  the  hand  pump,  turn  the  stop- 
cock handle  toward  the  rear  and  operate  pump  until  pressure 
shows  on  gauge.  To  prevent  leakage  of  air  from  the  gasoline 
tank,  the  filler  cap  should  always  be  screwed  down  tightly  by 
hand  but  should  never  be  hammered. 

Principles  of  Carburetion  Outlined. — The  process  of  carbure- 
tion  is  combining  the  volatile  vapors  which  evaporate  from  the 
hydrocarbon  liquids  with  certain  proportions  of  air  to  form  an 
inflammable  gas.  The  quantities  of  air  needed  vary  with  dif- 
ferent liquids,  and  some  mixtures  burn  quicker  than  do  other 
combinations  of  air  and  vapor.  Combustion  is  simply  burning, 
and  it  may  be  rapid,  moderate,  or  slow.  Mixtures  of  gasoline 
and  air  burn  quickly ;  in  fact,  the  combustion  is  so  rapid  that 
it  is  instantaneous,  and  we  obtain  what  is  commonly  termed  an 
"explosion."  Therefore,  the  explosion  of  gas  in  the  motor  truck 
engine  cylinder  which  produces  the  power  is  really  a  combina- 
tion of  chemical  elements  which  produce  heat.  If  the  gasoline 
mixture  is  not  properly  proportioned,  the  rate  of  burning  will 
vary,  and  if  the  mixture  is  either  too  rich  or  too  weak  the  power 
of  the  explosion  is  reduced  and  the  amount  of  power  applied  to 
the  piston  is  decreased  proportionately. 

What  a  Carburetor  Should  Do. — While  it  is  apparent  that  the 
chief  function  of  a  carbureting  device  is  to  mix  hydrocarbon 
vapors  with  air  to  secure  mixtures  that  will  burn,  there  are  a 
number  of  factors  which  must  be  considered  before  describing 
the  principles  of  vaporizing  devices.  Almost  any  device  which 
permits  a  current  of  air  to  pass  over  or  through  a  volatile  liquid 
will  produce  a  gas  which  will  explode  when  compressed  and 
ignited  in  the  motor  cylinder.  Modern  carburetors  arc  not  only 
called  upon  to  supply  certain  quantities  of  gas,  but  these  must 
deliver  a  mixture  to  the  cylinders  that  is  accurately  proportioned 
and  which  will  be  of  proper  composition  at  all  engine  speeds. 

Flexible  control  of  the  engine  is  sought  by  varying  the  engine 
speed  by  regulating  the  supply  of  gas  to  the  cylinders.  The 
power  plant  should  run  from  its  lowest  to  its  highest  speed  with- 
out any  irregularity  in  torque,  i.e.,  the  acceleration  should  be 
gradual  rather  than  spasmodic.  As  the  degree  of  compression 
will  vary  in  value  with  the  amount  of  throttle  opening,  the  con- 
ditions necessary  t«>  obtain  maximum  power  differ  with  vary- 
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ing  engine  speeds.  When  the  throttle  is  barely  opened  the 
engine  speed  is  low  and  the  gas  must  be  richer  in  fuel  than 
when  the  throttle  is  wide  open  and  the  engine  speed  high 

When  an  engine  is  turning  over  slowly  the  compression  has 
low  value  and  the  conditions  are  not  so  favorable  to  rapid  com- 
bustion as  when  the  compression  is  high.  At  high  engine  speeds 
the  gas  velocity  through  the  intake  piping  is  higher  than  at  low 
speeds,  and  regular  mixture  is  insured  by  the  higher  suction, 
and  better  combustion  is  secured  because  of  the  higher  com- 
pression and  fuller  charges. 

Best  Mixture  Proportions. — Gasoline  vapor  uniformly  mixed 
with  about  sixteen  times  its  weight  of  air  produces  a  strongly 
explosive  mixture.  A  little  more  air  makes  a  little  less  power- 
ful charge  but  is  slightly  more  economical  in  the  amount  of 
gasoline  used.  As  more  g&&  is  used  the  mixtures  produced  burn 
more  and  more  slowly,  with  less  power  and  reduced  economy 
until  a  point  is  finally  reached  where  the  mixture  is  too  weak 
to  ignite. 

If  we  start  again  at  the  16  to  1  mixture  and  reduce  the  pro- 
portion of  air,  we  find  that  the  power  holds  up  or  even  increases 
tor  a  slight  range,  after  which  it  falls  off  as  the  mixtures  pro- 
duced grow  richer,  until  finally  the  limit  is  reached  at  which 
the  charge  will  not  ignite.  These  rich  mixtures  do  not  contain 
air  enough  to  completely  burn  the  gasoline  and  naturally  are 
not  economical,  besides  having  a  tendency  to  soot  up  the  inside 
of  the  cylinder  and  cause  trouble.  If  very  rich,  black  smoke 
will  show  in  the  exhaust  and  a  rank  smell  is  produced.  The 
weaker  mixtures,  having  an  excess  of  air,  burn  clean  and.  being 
more  economical,  are  to  be  preferred. 

A  carburetor  adjustment  giving  a  mixture  a  little  weaker  than 
the  most  powerful  one,  but  not  so  weak  as  to  cause  backfiring, 
«»r  a  popping-  noise  in  the  carburetor,  is  the  best  and  most  eco- 
nomical. 

Development  of  Float-Feed  Carburetor. — The  modern  form  of 
spraying  carburetor  is  provided  with  two  chambers,  one  a  mix- 
ing chamber  through  which  the  air  stream  passes  and  mixes 
with  a  gasoline  spray,  the  other  a  float  chamber  in  which  a  con- 
stant level  of  fuel  is  maintained  by  simple  mechanism.  A  jet  or 
^Undpipe  is  used  in  the  mixing  chamber  to  spray  the  fuel 
through  and  the  object  of  the  float  is  to  maintain  the  fuel  level 
to  such  a  point  that  it  will  not  overflow  the  jet  when  the  motor 
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is  not  drawing  in  a  charge  of  gas.  Two  very  early  forms  of 
float-feed  carburetor  are  shown  at  Fig.  90.  That  at  A  is  the 
original  Maybach  form  and  one  of  the  earliest  carburetors  of 
this  type  evolved.  There  was  no  adjustment  for  the  air  or  fuel, 
so  the  form  shown  at  B  was  devised  later,  which  incorporated 


v  Metal  Float 
*o  ttgulatt 
M  of  Full 


Fig.  90. — Early  Float  Feed  Carburetors.    A — Maybach's  Design.  B— 
Phoenix  Daimler  Modification  of  Maybach's  Design. 

a  number  of  improvements.  The  float  and  mixing  chambers 
were  cast  together  instead  of  making  them  separate  and  joining 
thctn  by  pipe,  as  shown  at  A.  The  float  construction  was  im- 
proved and  the  gasoline  shut-ofT  valve  was  operated  through 
leverage  instead  of  being  directly  fastened  to  the  float.  The  spray 
nozzle  was  surrounded  by  a  choke  tube  which  concentrated  the 
air  stream  around  it  and  made  for  more  rapid  air  flow  at  low 
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engine  speeds.  A  conical  piece  was  placed  over  the  jet  to  break 
up  the  entering  spray  into  a  mist  and  insure  more  intimate  ad- 
mixture of  air  and  gasoline.  The  air  opening  was  provided  with 
an  air  cone  which  had  a  shutter  controlling  the  opening  so  that 
the  amount  of  air  entering  could  be  regulated  and  thus  vary  the 
mixture  proportions  within  certain  limits. 

Elements  of  Carburetor  Design. — The  design  of  components 
of  modern  carburetors  differ  largely,  but  most  of  the  modern 


frig.  91. — Diagram  Showing  Action  of  Float  Feed  Carburetor  Showing 
How  Descending  Piston  Draws  a  Mixture  of  Gasoline  and  Air  into 
the  Cylinder  of  the  Engine  Through  the  Open  Intake  Valve. 


mixing  devices  operate  on  the  same  general  principle.  Certain 
teatures  of  design  have  been  accepted  in  many  cases,  such  as 
automatic  mixture  compensation  by  auxiliary  air  valves,  Ven- 
turi  type  of  mixing  chamber,  float  and  mixing  chamber  concen- 
tric, separate  adjustment  for  gasoline  and  air,  and  simplicity  of 
construction.  Various  carburetors  have  been  devised  of  late  in 
'\hich  auxiliary  air  valves  are  done  away  with  and  proper  com- 
pensation for  mixture  variation  due  to  various  engine  speeds  is 
made  by  ingenious  applications  of  double  jets.  In  some,  manual 
regulation  of  the  incoming  a;r  i   again  resorted  to. 
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Automatic  compensation  is  made  necessary  because  a  satis- 
factory mixture  must  be  furnished  at  all  engine  speeds  without 
the  operator  constantly  varying  the  fuel  supply  or  air  propor- 
tions to  allow  for  different  conditions  of  operation  produced  by 
varying  speeds.  On  early  types  of  carburetors  it  was  necessary 
to  constantly  vary  the  mixture  proportions  by  working  the  air 
shutter  or  fuel  valve  from  the  driver's  seat  while  the  vehicle  was 
in  motion.  The  aim  was  to  secure  a  mixture  that  was  best 
adapted  to  the  conditions  of  operation  then  present,  and  while 
a  skillful  driver  would  manipulate  the  adjustments  in  a  way  to 
deliver  well-proportioned  mixtures  to  the  cylinder,  the  average 
operator  did  not  control  the  mixture  exactly  and  the  results  ob- 
tained did  not  make  for  maximum  efficiency  at  all  times. 

The  writer  has  described  the  process  of  carburetion.  and  it  is 
evident  that  the  gas  is  supplied  the  cylinder  by  the  pumping 
effect  of  the  piston,  as  shown  at  Fig.  91.  The  velocity  of  the 
entering  gases  depends  upon  engine  speed,  and  as  the  draught 
diminishes  it  will  not  pick  up  as  much  fuel  as  when  it  is  travel- 
ing at  a  higher  rate.  The  present  type  of  compensating  car- 
buretor provides  for  a  sufficiently  rapid  flow  of  gas  at  low  speed 
by  constricting  the  mixing-chamber  bore  at  the  spray  nozzle  so 
that  the  gas  speed  will  be  sufficiently  high  when  the  engine  is 
pumping  slowly.  The  reduced  diameter  of  the  mixing-chamber 
increases  the  velocity  of  the  gases  because  the  cylinder  must 
be  filled  through  a  smaller  hole  in  a  certain  unit  of  time  than 
would  be  the  case  if  the  bore  were  larger.  Therefore,  to  insure 
a  full  supply  reaching  the  cylinder,  the  gases  must  pass  the  top 
of  the  jet  at  a  high  rate  of  speed  even  if  the  piston  is  working 
slowly.  As  the  opening  is  constricted,  not  enough  air  will  be 
drawn  in  at  high  speed,  and  it  is  necessary  to  supply  it  through 
an  auxiliary  opening  usually  controlled  by  some  automatic  form 
of  valve.  This  can  be  adjusted  to  open  only  when  the  suction 
effect  is  sufficiently  high  to  overcome  the  tension  of  the  spring 
which  holds  the  valve  to  the  seat,  and  this  increased  suction 
effect  obtains  only  at  high  speeds. 

Venturi  Type  Mixing  Chamber. — The  Venturi  type  of  mixing 
chamber  is  one  thing  which  is  being  widely  used  at  the  present 
time,  because  it  has  properties,  when  properly  proportioned,  of 
insuring  high  gas  velocity  at  low  engine  speed.  Special  care 
must  be  taken  in  the  proportions  of  the  air  passage,  as  it  is 
necessary  that  the  area  be  large  enough  to  allow  the  air  stream 
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to  pass  through  freely,  yet  at  the  same  time  it  must  be  con- 
stricted to  such  a  point  that  the  entering  air  stream  will  pass 
the  top  of  a  standpipe  with  sufficient  momentum  to  draw  an  ade- 
quate supply  of  gasoline  from  the  spray  nozzle.  The  velocity 
of  the  air  stream  has  been  variously  estimated,  but  most  authori- 
ties are  agreed  that  it  should  be  from  7,000  to  9,000  feet  per 
minute  to  insure  picking  up  a  sufficient  amount  of  liquid  as  it 
passes  around  the  spray  nozzle. 

Packard  Carburetor. — A  number  of  best  known  motor  truck 
manufacturers  employ  carburetors  of  their  own  make  instead  of 
the  product  of  carburetor  makers.  A  good  example  of  one  of 
these  which  has  been  developed  especially  for  the  Packard  en- 
gine is  shown  at  Fig.  92.  The  gasoline  enters  the  carburetor 
float  chamber  through  a  needle  valve  in  the  usual  manner,  and 
the  movement  of  the  float  regulates  the  incoming  flow  of  gaso- 
line by  means  of  balance  levers.  The  gasoline  level  in  the  float 
chamber  should  be  one-eighth  inch  below  the  top  of  the  spray 
nozzle.  The  mixing  chamber  is  a  cylindrical  member  around 
and  above  the  spray  nozzle.  It  is  surrounded  by  a  water  jacket, 
through  which  warm  water  passes  from  the  engine  circulation 
>ystem.  An  auxiliary  air  valve  controlled  by  springs  admits  the 
surplus  air  needed  at  full  throttle  opening.  The  primary  air 
inlet  is  sufficiently  large  to  supply  air  for  all  running  ordinary 
conditions  and  the  auxiliary  air  valve  opens  very  slightly  at  low 
engine  speeds. 

The  primary  air  intake  takes  air  from  a  stove  which  is  on  the 
exhaust  pipe  at  the  rear  of  the  right  side  of  the  motor.  This 
provides  a  supply  of  warm  air  which  prevents  condensation  of 
the  gasoline  in  cold  weather.  The  proportion  of  warm  and  cold 
air  may  be  regulated  by  an  adjustable  valve  located  behind  the 
carburetor  in  the  primary  air  passage.  The  auxiliary  air  valve 
is  in  a  housing  at  the  rear  of  the  carburetor,  and  it  is  controlled 
by  the  tension  of  two  springs,  one  within  the  other.  These 
springs  are  regulated  by  the  auxiliary  air  valve  lever  on  the  con- 
trol board.  If  the  air  valve  lever  is  moved  toward  "gas"  the 
spring  tension  is  increased  and  a  rich  mixture  is  provided.  If  it 
is  turned  toward  "air"  a  lean  mixture  is  obtained  because  the 
spring  tension  is  reduced.  If  the  air  valve  lever  is  turned  too 
tar  toward  "air"  the  consequent  lean  mixture  may  cause  "spitting 
hack"  into  the  carburetor.  If  it  is  turned  too  far  toward  "gas," 
the  consequent  rich  mixture  may  cause  irregular  running  and 
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overheating.  When  spitting  occurs  in  carburetor,  move  air  valve 
lever  one  notch  at  a  time  toward  "GAS"  until  spitting  stops. 
-Experience  will  dictate  the  proper  position  for  efficient  running. 
When  the  choke  button  is  pulled  out  for  starting  motor,  <froth 
the  primary  and  auxiliary  air  valve  should  be  completely  closed. 

To  adjust  the  auxiliary  air  valve  proceed  as  follows:  Discon- 
nect the  clevis  from  the  air  valve  wedge  stem  and  set  the  wedge 
>o  that  the  notch  on  wedge  stem  is  flush  with  the  end  of  the 
air  valve  wedge  guide.  With  the  wedge  in  this  position  the  outer 
air  valve  spring  should  just  bring  the  valve  firmly  to  its  seat. 
Adjust  the  lower  pair  of  check  nuts  on  the  air  valve  stem  so 
that  the  valve  may  be  depressed  %o  of  an  inch  before  the  lower 
nut  comes  into  contact  with  the  top  of  the  inner  air  valve  spring 
and  lock  in  this  position.  Place  the  air  and  gas  lever  on  the 
control  board  three  notches  toward  air  from  the  center  position 
and  adjust  the  connecting  rod  clevis  to  connect  with  the  air 
valve  wedge  when  the  notch  in  the  stem  is  flush  with  the  end 
of  the  air  valve  wedge  guide. 

To  facilitate  starting  in  cold  weather,  there  are  shutters  in 
ln>th  primary  and  auxiliary  air  intakes.  These  shutters  are  oper- 
ated by  pulling  out  the  button  under  left  side  of  front  bumper. 
After  motor  starts,  this  button  should  be  immediately  pushed 
»ack  into  position.  Where  electric  starter  is  used  the  shutters 
are  operated  by  the  button  which  is  placed  in  center  of  con- 
trol board. 

The  governor  throttle  valve  is  the  upper  butterfly  valve  located 
in  the  mixing  chamber.  It  is  directly  connected  with  the  cen- 
trifugal governor,  described  below.  The  governor  throttle  valve 
mechanism,  which  is  set  and  sealed  at  the  factory,  allows  the 
motor  to  run  at  1,075  revolutions  per  minute  with  main  throttle 
alve  wide  open.  The  main  throttle  valve  is  independent  of  the 
governor  throttle  valve,  but  is  similar  in  design  and  is  below  it 
in  the  mixing  chamber.  It  is  controlled  by  the  accelerator  pexlal 
and  bv  the  hand  throttle  lever.  This  throttle  does  not  regulate 
the  quality  or  the  richness  of  the  mixture,  but  simply  the  amount 
applied  to  the  cylinders  within  the  limits  of  the  governor 
throttle  valve. 

Packard  Governor  Construction. — The  governor  is  of  the  cen- 
trifugal type  and  is  located  on  a  shaft  attached  to  the  water 
pump  driving  gear.  It  is  enclosed  within  a  housing  attached 
t'>  the  cover  of  the  motor  gear  compartment.    The  governor 
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consists  of  two  weighted  balls  hinged  on  a  bracket  on  the  water 
pump  driving  shaft.    The  centrifugal  action  of  these  balls  con- 
trols their  position  and  actuates  a  connecting  rod  which  projects  * 
through  the  water  pump  shaft  and  through  suitable  linkage  and 
connections  operates  the  governor  throttle  valve.    All  governor* 
connections  and  parts  are  enclosed  and  sealed  to  prevent  their 
being  damaged  or  tampered  with  by  unauthorized  persons.  i 
The  operation  of  the  governor  controls  the  position  of  the 
governor  throttle  valve  which  regulates  the  motor  speed  and, 
consequently,  the  maximum  speed  of  the  truck.     When  the 
motor  is  running  at  speeds  below  the  point  at  which  the  gov- 
ernor cuts  in,  springs  hold  the  weighted  governor  balls  close  to 
the  shaft.    With  the  balls  in  this  position  the  governor  throttle 
valve  is  wide  open.    The  governor  is  set  to  maintain  a  correct' 
maximum  motor  speed  of  1,075  r.p.m.,  which  is  equivalent  to 
the  following  standard  truck  speeds ; 


Model  Speed 

1-  ton   16  M.  P.  H. 

V/t-ton   16  M.  P.  H. 

2-  ton   14  M.  P.  H. 

3-  ton   12  M.  P.  H. 

4-  ton   12  M.  P.  H. 

5-  ton   11  M.  P.  H. 

6-  ton   11  M.  P.  H. 


The  governor  adjustment  is  not  intended  as  a  means  of  raising 
the  maximum  speed  of  the  truck  above  the  standard  speeds  for 
which  it  is  set. 

Caution. — The  governor  will  not  control  the  speed  of  the  truck 
when  descending  steep  grades.  Extreme  care  should  be  exer- 
cised by  the  driver  not  to  overspeed  while  coasting. 

Use  of  Hand  Throttle  Lever  and  Accelerator. — Either  the 
hand  throttle  lever  or  the  accelerator  pedal  may  be  used  to 
control  the  speed  of  the  truck  within  the  limits  set  by  the 
governor.  The  accelerator  pedal  is  the  usual  means  for  con- 
trolling the  speed  of  the  truck  below  the  maximum  speed  allowed 
by  the  governor.  It  will  be  found  convenient  while  shitting 
gears  or  operating  the  truck  with  the  hand  throttle  lever  set  for 
idling.  When  the  accelerator  pedal  is  released  the  motor  re- 
sumes the  speed  determined  by  position  of  hand  lever.  To 
control  speed  by  means  of  hand  throttle  lever  move  it  to  posi- 
tion where  desired  speed  is  obtained.    To  maintain  maximum 
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-peed  set  to  a  point  beyond  where  governor  cuts  in.  With 
hrottle  lever  wide  open  there  should  be  a  clearance  of  %  inch 
to        inch  between  the  toe  board  and  accelerator  pedal. 

An  adjustable  stopscrew  holds  the  hand  throttle  valve  open, 
md  thus  allows  a  small  amount  of  mixture  to  reach  the  motor 
ylinders,  even  when  the  throttle  lever  on  the  control  board  is 
n  closed  position.  This  supplies  the  minimum  amount  of  fuel 
for  idling  the  motor.  To  increase  the  minimum  speed,  loosen 
the  check  nut  and  turn  the  stopscrew  in.  To  decrease  the 
>M>eed,  turn  the  screw  to  rear.  This  screw  is  adjusted  and  sealed 
it  the  factory,  and  there  is  ordinarily  no  occasion  to  change  its 
adjustment. 

The  Packard  Fuelizer. — The  woes  that  beset  motors  have  been 
gradually  increasing  as  the  quality  of  the  fuel  on  which  they 
were  required  to  run  has  decreased.  Under  average  running  con- 
ditions, kerosene  splatters  about  in  the  cylinders.  It  removes 
the  film  of  protecting  oil  from  the  walls;  some  of  it  collects  and 
burns,  turning  to  carbon  that  fouls  the  engine,  and  the  remainder 
runs  down  past  the  pistons  and  dilutes  the  lubricating  oil  in 
the  crankcase. 

Engineers  have  agreed  that  this  condition  could  be  remedied 
only  by  providing  for  complete  combustion  of  the  fuel  in  the 
cylinders,  and  the  Packard  Experimental  Laboratories  have 
brought  forth  a  new  device  called  the  Fuelizer  to  adapt  Packard 
<  ngines  to  the  fuels  obtainable  to-day — and  to-morrow.  Accord- 
ing to  Col.  J.  G.  Vincent,  vice-president  of  engineering  of  the 
company,  the  Fuelizer  not  only  assures  a  clean  engine,  but  it 
;tlsn  eliminates  all  trouble  in  connection  with  starting  the  motor 
in  cold  weather.  Tests  show  that  a  motor  equipped  with  the 
new  device  is  ready  for  high  gear  work  on  a  summer  setting 
of  the  carburetor  within  twenty  seconds  after  cranking,  regard- 
less of  the  temperature. 

During  the  past  few  years  automobile  manufacturers  have 
spent  much  time  and  money  trying  to  meet  the  threat  of  de- 
creased quantity  of  gasoline,  due  to  the  great  expansion  of  the 
industry  and  the  consequent  drain  on  the  oil  reserves  of  the 
country.  The  experiments  centered  about  the  idea  of  heating 
the  charge  as  it  passed  into  the  engine,  and  the  most  common 
device  was  the  exhaust  heated  intake.  This  system  provided 
the  engine  with  no  heat  when  it  was  starting,  slight  heat  when 
it  was  idling,  and  a  maximum  of  heat  when  the  engine  least 
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needed  it.  A  complete  reversal  of  this  process  was  the  aim  of 
L.  M.  Woolson,  the  engineer  who  developed  the  Fuelizer. 

The  Fuelizer,  as  it  has  been  perfected  to  become  a  standard 
part  of  the  Packard  motor  cars,  gives  the  maximum  heat  to  the 
charge  when  the  engine  is  starting  and  idling,  and  drops  out  of 
operation  when  the  engine  is  able  to  supply  its  own  heat.  It 
gives  complete  combustion  of  the  fuel  in  the  cylinders,  and  dur- 


Fig.  92A.— The  Packard  Fuelizer  as  Applied  to  Twin  Six-Passenger 

Car  Engine. 


ing  the  months  of  test  there  was  not  a  single  instance  of  engine 
fouling. 

The  Fuelizer  consists  of  a  small  supplementary  carburetor  and 
a  burning  chamber  where  the  gas  from  the  little  carburetor  is 
burned.  This  chamber  is  situated  in  the  intake  manifold.  When 
the  gas  enters,  it  is  ignited  by  a  regulation  spark  plug  and 
passes  into  the  fresh  charge  going  from  the  carburetor  to  the 
cylinders.  The  heat  of  the  burned  gas  changes  the  wet,  poorly 
carbureted  mixture  to  a  dry  vapor,  which  explodes  with  full 
efficiency  when  it  is  touched  off  by  the  spark  in  the  cylinder. 

The  action  of  the  Fuelizer  is  entirely  automatic,  without  in- 
volving a  single  moving  part.    When  the  engine  is  starting  the 
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Fuelizer  is  in  full  operation,  and  the  heat  supplied  to  the  charge 
becomes  less  as  the  throttle  is  opened.  This  regulation  is  pro- 
vided for  by  an  air  valve  similar  in  operation  to  the  air  valve  of 
the  main  carburetor. 

Through  a  small  Pyrex  glass  window  the  operation  of  the 
Fuelizer  may  be  seen.  A  perfect  mixture  produces  a  purple 
flame,  a  fairly  rich  mixture  produces  a  bluish-green  flame,  and 


Fig.  93. — Stromberg  Single  Jet  Carburetor. 


an  exceedingly  rich  mixture  is  indicated  by  yellow  streaks  in  the 
flame. 

Strombcrg  One-Nozzle  Type. — The  features  of  the  new  Strom- 
berg are  the  balanced  air  valve,  which,  if  its  action  were  not 
known/  would  be  referred  to  as  an  auxiliary  air  valve,  and  the 
method  of  using  the  air  which  is  taken  through  the  air  valve  in 
such  a  way  as  to  give,  with  a  single  nozzle,  the  gasoline  flow 
previously  obtained  with  separate  low-speed  and  high-speed  noz- 
zles. Briefly,  the  balanced  valve  in  operation  diverts  a  portion 
of  the  air  flow  taken  through  the  main  inlet,  and  this  diverted 
air  passes  through  the  carburetor  body  to  a  point  at  the  upper 
end  of  the  Venturi  tube.  The  air  passage  at  this  point  is  formed 
like  the  entrance  for  a  large  Venturi  tube,  and  acts  in  such  a 
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way  as  to  cause  the  air  which  has  entered  through  the  balanced 
valve  to  exert  additional  suction  in  the  primary  Venturi  tube. 
This  additional  suction  and  the  added  gasoline  feed  are  in  pro- 
portion to  the  auxiliary  air  admitted,  so  that  while  there  is  only 
one  nozzle  and  one  air  inlet,  there  are  really  two  air  currents 
exerting  a  compound  action  on  the  gasoline  jet.  By  studying 
the  cross-sectional  diagram  of  this  new  instrument,  given  at  Fig. 
93,  the  action  when  in  operation  will  become  clear.  The  single 
nozzle  is  shown  located  in  the  lower  portion  of  the  Venturi 
tube  around  the  base  of  which  is  the  brass  float  operating  a  fuel 
valve  in  the  conventional  way.  The  portion  of  the  instrument 
to  the  right  of  the  balanced  valve  is  not  new  to  Stromberg  prac- 
tice. However,  the  balanced  valve  shown  in  the  upper  right 
of  the  illustration  is  new  construction. 

The  mechanism  consists  of  a  sleeve  having  at  its  lower  end 
the  valve  proper  and  at  its  upper  end  a  piston  about  twice  the 
size  of  the  valve,  so  that  the  piston  and  valve  move  together. 
Within  the  sleeve  is  a  spring  held  in  place  by  a  rod  and  nut. 
which  holds  the  valve  up  to  its  seat.  It  will  be  noticed  there  is 
a  small  passage  P,  which  connects  the  chamber  B  above  the 
valve  with  C  below  it.  The  chamber  A  above  the  piston  always 
contains  air  under  atmospheric  pressure,  except  when  the  dash 
control  valve  or  air  intake  shutter  is  used,  because  of  its  com- 
munication with  the  chamber  D  through  the  space  around  the 
spring  and  up  through  the  valve  sleeve.  The  vacuum  in  B  is 
substantially  the  same  as  that  in  C,  which  is,  of  course,  deter- 
mined by  the  demand  of  the  motor  and  the  strength  of  the  air 
valve  spring.  A  light  spring  is  used  so  that  this  vacuum  is 
always  very  small,  perhaps  eight  ounces.  As  a  result  the  air 
valve  tends  to  move  upward  by  difference  in  pressure  between 
C  and  D,  while  the  piston  tends  to  move  downward  by  the 
difference  in  pressure  between  A  and  B.  As  the  piston  is  ap- 
proximately twice  the  area  of  the  valve,  the  whole  valve  opens 
downward,  but  the  balance  between  the  chambers  is  such  that 
the  pulsations  of  motor  suction  are  deadened  and  the  valve 
flutter  thus  eliminated. 

When  the  carburetor  is  in  action  and  the  engine  running  idle, 
the  valve  is  slightly  off  its  seat.  The  single  nozzle  feeds  the 
gasoline  and  the  primary  Venturi  supplies  nearly  all  the  air. 
As  the  engine  speed  is  increased  or  the  throttle  opened,  a  greater 
demand  is  made  on  the  air  valve,  which  opens,  admitting  addi- 
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tional  air.  When  this  additional  air  reaches  the  top  of  the  Ven- 
turi  it  increases  the  suction  in  the  Venturi  and  draws  additional* 
fuel,  so  that  the  supply  taken  is  in  proportion  to  the  amount  of 
air  which  passes  through  the  valve.  In  other  words,  as  the  air 
valve  opens  there  is  an  increase  in  the  supply  of  gasoline  as  well 
a>  the  air  sent  to  the  motor,  thus  the  result  obtained  is  like  that 
siven  by  a  carburetor  with  two  fuel  nozzles -  and  two  air  inlets. 

I  1 


Fig.  94. — Sectional  View  Showing  Stromberg  Double  Jet  Carburetor. 


The  balanced  valve  does  not  flutter,  but  operates  gradually  as 
the  pressures  vary.  At  low  engine  speeds  the  position  of  the 
valve  regulates  the  mixture,  but  above  twenty-five  miles  an  hour, 
according  to  the  Stromberg  engineers,  the  valve  may  be  open 
all  the  way  without  noticeably  affecting  the  running  of  the  en- 
gine except  to  admit  a  slightly  greater  charge.  In  practice  only 
hot  air  is  used,  and  it  is  taken  from  a  tube  connecting  with  a 
stove  surrounding  a  portion  of  the  exhaust  manifold. 

Stromberg  Double  Jet  Carburetor. — The  carburetor  which  is 
shown  at  Fig.  94  is  used  on  the  F.  \V.  I),  trucks,  and  is  supplied 
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with  fuel  through  a  pipe  leading  from  the  gasoline  tank  behind 
.the  driver's  seat.  It  passes  into  the  carburetor  below  the  float 
chamber,  through  a  small  strainer,  which  may  be  removed  for 
cleaning  by  unscrewing  gasoline  line  union.  The  flow  continues 
through  the  needle  valve  to  the  float  chamber.  A  metal  float 
maintains  the  proper  level  of  fuel  through  the  action  of  two 
weighted  levers,  which  control  the  action  of  the  needle  valve. 

When  the  engine  is  idling,  air  is  drawn  in  through  the  primary 
intake,  passing  around  the  primary  nozzle  C,  from  which  a  jet 
of  gasoline  is  spraying.  Under  load,  the  air  valve  E  allows 
additional  air  to  be  sucked  in  past  auxiliary  nozzle  J,  producing 
a  mixture  which  unites  with  the  primary  mixture  formed  in 
the  Venturi  tube,  above  nozzle  C,  and  passes  by  throttle  valve. 

Cleaning. — Both  primary  and  auxiliary  nozzles  may  be  reached 
for  cleaning  in  case  they  become  clogged  with  particles  of  foreign 
matter  by  taking  out  the  plugs  P  and  A  P. 

The  high-speed  adjusting  nut  B  and  the  low-speed  adjusting 
nut  A  control  the  only  adjustments  of  mixture.  With  the  motor 
at  rest,  set  the  high-speed  nut  B  so  there  is  at  least  one-sixteenth 
of  an  inch  clearance  between  the  spring  G  and  the  nut  X  above 
it.  This  is  imperative.  Do  not  adjust  carburetor  until  motor 
is  thoroughly  warmed  up.  When  the  motor  is  warm  and  with 
spark  retarded,  adjust  nut  A  up  or  down  until  motor  runs 
smoothly  at  low  speed.  To  determine  proper  adjustment,  open 
the  air  valve  with  finger  by  depressing  X  slightly.  If,  when 
so  doing,  motor  speeds  up  noticeably,  it  indicates  too  "rich"  a 
mixture,  and  A  should  be  turned  down  notch  by  notch.  If, 
on  the  other  hand,  motor  dies  suddenly  when  slightly  opening 
the  air  valve,  it  indicates  too  "lean"  a  mixture  and  A  should 
be  turned  up  until  this  is  overcome.  Once  properly  set  for  idling, 
do  not  change  this  adjustment  when  making  the  high-speed 
adjustment. 

Advance  the  spark  to  normal  position  and  open  the  throttle 
gradually.  If  motor  backfires  through  the  carburetor,  it  is  a 
positive  indication  of  too  "lean"  a  mixture,  and  nut  B  should 
be  turned  up  notch  by  notch  until  this  is  overcome.  If  mixture 
is  too  "rich,"  as  indicated  by  a  loading  of  the  motor  and  heavy, 
black  smoke  from  the  exhaust,  turn  B  down  until  motor  oper- 
ates properly.  A  further  test  for  the  correct  mixture  at  high 
speed  can  be  made  by  depressing  air  valve  when  the  engine  is 
running  at  this  speed.    If,  when  so  doing,  motor  speeds  up,  it 
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indicates  too  "rich"  a  mixture ;  if  motor  runs  slower,  too  "lean" 
a  mixture.  Turning  either  adjusting  nut  up  means  a  richer 
mixture  or  more  gas.   Down  means  a  leaner  mixture  or  more  air. 

Stromberg  Type  M  Carburetor. — The  carburetor  shown  at 
Fig.  95,  and  in  section  at  Fig.  96,  differs  from  older  styles  in  that 
it  is  a  Plain  Tube  type,  having  the  air  passages  fixed  in  size, 


Fig.  95. — Exterior  View  of  Stromberg  Type  M-2  Motor  Truck 

Carburetor. 


while  the  gasoline  is  automatically  and  accurately  measured  by 
the  air  flow  itself,  at  all  speeds  and  loads.  The  mixture  propor- 
tion is  maintained  constant  by  the  "air  bled  nozzle"  construction, 
in  which  a  small  amount  of  air  is  mixed  with  the  gasoline  before 
it  reaches  the  jets.  There  are  two  adjustments,  the  high  speed 
and  the  extremely  low  speed  or  idle.  The  high  speed  is  con- 
trolled by  the  needle  A,  past  which  point  is  taken  all  the  gaso- 
line at  all  speeds.  Turning  A  to  the  left,  anti-clockwise,  gives 
more  gasoline.    To  the  right,  or  clockwise,  less. 

The  gasoline  for  low  speed  is  taken  in  above  the  throttle 
through  a  jet  at  K  and  is  regulated  by  dilution  with  air  as 
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controlled  by  the  low-speed  adjusting  screw  B.  Screwing  B 
in,  clockwise,  gives  more  gasoline;  outward,  less.  The  best  ad- 
justment is  usually  one-half  to  three  turns  outward  from  a  seat- 
ing position.  Note  that  this  is  only  an  idling  adjustment  and 
does  not  affect  the  mixture  above  eight  miles  per  hour.  When 
motor  is  idling  properly  there  should  be  a  steady  hiss  in  the 
carburetor.   If  there  is  a  weak  cylinder  or  a  manifold  leak,  or  if 


Car  bur  9  for-  fl^v 
Flange 

/^-■..| 

Small 
Venturis 

Mixture  Control 


Accelerating  Well- 
Idling  Tube 

High  Speed  Needle  Sea t.-'''    Strainer  Body- 

Drain  Plug-.... 


Fig.  96. — Sectional  View  Showing  Construction  of  Strombcrg  Type  M 

Plain  Tube  Carburetor. 

the  idle  adjustment  is  very  much  too  rich,  the  hiss  will  be 
unsteady. 

For  starting  and  warming  up  with  the  present-day  fuel,  it  is 
absolutely  necessary  to  use  the  dash  or  steering  post  control 
until  proper  operating  temperature  is  attained.  Ordinarily  the 
motor  will  start  readily  with  the  control  closed  one-half  to  three- 
quarters  of  the  way.  In  very  cold  weather  it  may  be  necessary 
to  pull  the  control  up  all  the  way.  but  this  should  be  done  only 
for  an  instant,  as  this  cuts  off  all  the  air  and  delivers  raw  gaso- 
line only.  In  starting,  the  throttle  should  be  nearly  closed,  or 
it  may  be  opened  and  closed^vluie  £he  starter  turns  the  motor 
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over.  Never  keep  the  control  fully  up  more  than  a  moment  at 
a  time. 

After  starting  the  control  should  be  drawn  up  as  necessary 
and,  allowing  the  motor  a  moment  to  steady  itself,  should  be 
set  at  the  point  of  best  power,  yet  not  too  rich  for  smooth  run- 
ning; it  should  then  be  gradually  lowered.  While  the  motor  is 
cold,  care  should  be  taken  not  to  open  the  throttle  so  far  that 
engine  misfires,  as  this  is  a  frequent  cause  of  sooted  spark  plugs 
and  gasoline  or  kerosene  in  the  crankcase.  For  winter  use,  it 
is  advisable  to  partly  cover  the  radiator,  as  a  water  temperature 
of  130  degrees  Fahrenheit  or  above  is  absolutely  necessary  if  a 
motor  is  to  show  its  normal  flexibility  and  power.  Under  such 
conditions  the  full  supply  of  hot  air  should,  of  course,  be  used. 
In  the  warm  months  the  season  adjustment  shutter  on  the  air 
horn  may  be  opened  to  admit  cold  air. 

If  the  motor,  after  steady  running,  suddenly  ceases  to  perform 
properly,  look  after  carburetor  connections,  etc.,  but  do  not 
start  to  change  the  adjustments  until  other  causes  of  trouble 
have  been  investigated;  these  adjustments  should  only  be 
changed  with  changes  in  fuel  or  changes  in  weather,  and  there 
are  many  other  things  on  the  motor  subject  to  derangement  be- 
sides the  carburetor.  If  motor  regularly  refuses  to  start,  see 
whether  valve  operated  by  choker  closes  securely;  and  always 
be  sure  that  it  is  fully  open,  and  dash  control  all  the  way  down, 
for  normal  driving.  To  find  whether  gasoline  is  feeding  to  the 
carburetor,  remove  nut  C  and  feel  if  needle  inside  is  all  the 
way  down.    If  up,  gasoline  is  not  reaching  the  float  chamber. 

Ray  field  Model  O  Carburetor. — The  Ray  field  carburetor  is 
wideh  known  as  passenger  car  equipment,  but  the  model  O  is 
entirely  new.  It  is  so  designed  that  there  are  two  levels  of 
gasoline,  and  there  are  two  nozzles.  It  is  specified  as  a  type 
having  concentric  float  construction  with  a  Venturi  tube  and  air 
bled  jet.  The  float  mechanism  is  a  fulcrum  lever  construction 
and  is  designed  to  have  a  positive  method  of  controlling  the  flow 
of  gasoline  from  the  main  supply  line  into  the  carburetor.  The 
float  chamber  is  directly  below  the  mixing  chamber,  so  that  any 
gasoline  accumulated  by  condensation  may  be  returned  from 
the  manifold,  flowing  directly  into  the  float  chamber,  thus  obvi- 
ating all  leakage  and  flooding,  as  shown  at  Fig.  97A. 

As  stated,  there  are  two  gasoline  levels,  the  fuel  first  entering 
*  reservoir  and  then  after  rising  to  the  to])  of  a  standpipe  it 
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flows  into  the  float  chamber,  where  it  is  controlled  by  the  height 
of  the  float,  the  needle  valve  being  opened  and  closed  by  the 
rise  and  fall  of  the  float.  There  are  two  nozzles,  the  one  for 
intermediate  speed,  which  is  supplied  from  the  reservoir,  while 
the  other  is  supplied  from  the  float  chamber,  this  becoming  oper- 
ative at  intermediate  and  high  speeds.  Acceleration  is  by  means 
of  an  accelerating  well,  located  in  the  reservoir,  and  when  this 
well  is  drained  air  is  bled  through  it  into  the  fuel.    Both  the 


Fig.  97.— The  Rayfield  Mixed  Type  Carburetor. 


jets  are  constructed  for  the  use  of  air  bleeders ;  that  is,  air  is 
bled  in  with  the  gasoline  before  it  reaches  the  nozzle  outlets. 

Experience  has  proven  that  by  the  use  of  the  two  gasoline 
levels  and  two  distinct  and  separate  nozzles,  it  is  possible  to 
obtain  a  very  thin  intermediate  mixture  and  at  the  same  time 
to  obtain  sufficient  fuel  for  high  speed  and  heavy  work  when- 
ever there  is  need.  This  construction  is  claimed  to  greatly 
economize  fuel  and  to  insure  sufficient  power  for  all  work.  There 
are  two  adjustments,  the  one  being  a  low  speed  of  idling  ad- 
justment, and  the  other  is  an  intermediate  or  high  speed  adjust- 
ment. The  idling  gas  passes  through  the  throttle  shaft  when 
the  nozzle  is  closed.  When  the  throttle  is  opened  it  serves  as  a 
valve  and  releases  this  gas  at  intermediate  or  high  speed,  or 
when  the  throttle  is  at  more  than  one-quarter  opening. 
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An  air  valve  choker  is  used  for  starting;  that  is,  all  air  is  cut 
off  and  a  high  velocity  obtained  at  the  nozzle.  Both  nozzles 
will  supply  ample  fuel  for  this  purpose.  After  the  engine  has 
been  started  the  choke,  of  course,  can  be  set  about  one-third 
closed.  At  this  setting  the  engine  will  be  quickly  responsive, 
tor  the  increased  velocity  resulting  from  the  choking  of  the  air 
valve  will  cause  a  heavy  draft  on  the  high  speed  nozzle,  pro- 
viding the  fuel  necessary  for  the  short  period  the  engine  is  heat- 
ing.   Because  of  the  construction,  hissing  and  other  objection- 


Fig.  97A.— The  Rayfield  Model  O  Carburetor. 


able  conditions  during  the  period  the  engine  is  heating  are 
obviated. 

Rayfield  Mixed  Type  Carburetor. — This  is  not  a  new  model, 
but  there  have  been  some  detail  refinements,  designed  to  give 
quicker  acceleration  and  take  care  of  the  lower  grades  of  fuel. 
While  the  Model  G  is  the  prominent  one  of  the  line,  there  is  a 
Model  L  which  is  the  same  in  every  respect,  except  that  it  is 
not  water-jacketed  as  is  the  horizontal  type  of  the  Model  L. 
The  chief  improvement  lies  in  the  rearrangement  of  the  metering- 
pin,  which  is  operated  by  the  upper  air  valve.  Previously  this 
pin  was  held  against  the  air  valve  by  a  spring,  and  the  valve  had 
to  overcome  the  reaction  of  the  spring  to  operate  it.  Now  the 
metering-pin  rides  on  the  dashpot  piston,  which  is  on  the  lower 
end  of  the  air  valve  stem,  and  moves  upward  and  downward 
with  the  valve,  but  without  any  greater  effort  by  the  valve. 
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Rayfield  uses  a  metering-pin,  as  shown  at  Fig.  97,  which  is 
lifted  as  the  throttle  opens  in  the  main  jet  through  a  linkage, 
and  so  establishes  a  right  to  be  classified  as  a  metering-pin  type, 
but  it  goes  further.  It  incorporates  an  auxiliary  nozzle,  which 
also  has  a  metering-pin  which  is  depressed  when  the  auxiliary 
air  valve  opens.  Thus,  by  having  two  distinct  nozzles,  it  estab- 
lishes its  right  also  to  be  classified  as  aii  expanding  type  of 
instrument.  But  Rayfield  goes  still  further  in  that  it  combines 
a  pumping  action  on  the  gasoline  in  the  auxiliary  nozzle  whereby 
a  very  rich  mixture  is  furnished  for  acceleration  whenever  the 
air  valve  is  opened  suddenly.  This  is  accomplished  by  the  piston 
on  the  lower  end  of  the  air  valve  stem,  this  piston  working  in 
a  dashpot  above  the  piston,  and  is  admitted  to  the  space  below 
the  piston  by  the  disk  valve  in  the  piston.  When  the  air  valve 
suddenly  opens,  forcing  the  piston  downward,  this  disk  valve  is 
closed  automatically,  forcing  or  pumping  the  gasoline  upward 
through  the  fuel  passage  into  the  nozzle,  where  it  is  sprayed 
into  the  inrushing  air.  Only  when  the  valve  opens  is  this  pump- 
ing function  occurring.  At  other  times  the  gasoline  issues 
through  the  auxiliary  nozzle,  according  to  the  suction  of  the 
motor.  Thus  Rayfield  is  a  compound  of  two  metering-pins  in 
conjunction  with  the  pumping  function  for  acceleration.  The 
dashpot  also  prevents  any  fluttering  action  of  the  valve,  since 
the  gasoline  flow  dampens  sudden  opening  or  closing. 

Rayfield  Adjustment  for  Various  Speeds. — Adjusting  for  low 
speed.  With  throttle  closed  and  dash  control  down,  close  noz- 
zle needle  H  by  turning  low-speed  adjustment  N  to  the  left 
until  the  block  Y  begins  to  leave  cam  M  ;  then  turn  to  the  right 
about  two  complete  turns.  Open  throttle  not  more  than  one- 
quarter  by  advancing  lever  marked  G  on  steering  wheel.  Prime 
the  carburetor  by  pulling  steadily  a  few  seconds  on  lever  G  (see 
cut  of  carburetor).  Start  motor  and  allow  it  to  run  until  warm, 
then  with  retarded  spark  (see  lever  marked  S  on  steering  wheel ), 
close  throttle  until  motor  runs  slowly  without  stopping.  Turn 
low  speed  adjustment  N  to  the  left  until  motor  slows  down,  then 
to  the  right,  a  notch  at  a  time,  until  the  motor  idles  smoothly. 
If  the  motor  does  not  throttle  low  enough,  turn  stop  screw 
B  to  the  left  until  the  motor  runs  as  slowly  as  desired.  Adjust- 
ing high  speed:  With  dash  control  down,  advance  the  spark 
about  one-quarter  and  open  the  throttle  rather  quickly.  Should 
this  cause  the  motor  to  backfire,  the  mixture  is  lean.  Correct 
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this  by  turning  the  high-speed  adjustment  O  to  the  right,  one 
notch  at  a  time,  until  the  throttle  may  be  opened  quickly  with- 
out causing  backfiring.  If  "loading"  or  "choking"  is  experi- 
enced when  the  motor  is  running  under  heavy  load  with  throttle 
wide  open,  the  mixture  is  too  rich.  This  may  be  overcome  by 
turning  high-speed  adjustment  O  to  the  left.  Adjustments 
made  for  high  speed  will  in  no  way  affect  low  speed.  Low-speed 
adjustment  N  must  not  be  used  to  get  a  correct  mixture  at  high 
speed.   It  is  to  be  used  only  when  motor  is  running  idle. 

Before  attempting  to  start,  when  the  motor  is  cold,  open 
throttle  not  more  than  one-quarter,  enrich  the  mixture  by  pulling 
up  dash  control  full  distance  and  prime  carburetor  by  pulling 
lever  G  (see  cut)  a  few  seconds.  To  stop  motor,  pull  up  dash 
control,  open  throttle  about  one-quarter  and  switch  off  ignition. 
This  leaves  a  rich  mixture  in  the  motor  to  insure  easy  starting. 
The  dash  control,  when  properly  used,  will  facilitate  starting, 
furnish  a  richer  mixture  when  the  motor  is  cold,  and  maintain 
a  correct  mixture  under  the  most  extreme  atmospheric  condi- 
tions. Xo  changes  should  be  made  in  carburetor  adjustments, 
as  the  dash  control  will  take  care  of  cold  weather  as  well  as 
cold  motor  conditions.  Raising  dash  control  enriches  the  mix- 
ture by  lifting  nozzle  needle,  but  ordinarily  should  be  down  for 
running.  Do  not  change  nozzles,  nor  alter  the  float  chamber,  as 
these  arc  taken  care  of  at  the  factory  and  are  correct.  The  auto- 
matic air  valve  F  should  always  be  seated  when  motor  is  throt- 
tled down  to  its  lower  speed.  The  float  chamber  A  and  dash 
AA  should  be  drained  occasionally  through  drain  cocks  X  to 
remove  water  and  sediment  which  may  have  accumulated.  To 
clean  the  trap  at  the  bottom  of  the  float  chamber,  remove  nut  Z. 
The  parts  may  then  be  slipped  apart  and  cleaned.  When  re- 
assembling these  parts  be  sure  that  the  nut  N  is  drawn  up 
nrmly  to  insure  a  tight  joint.  If  it  is  desired  merely  to  drain 
the  trap,  remove  plug  S.  Never  attempt  to  clean  the  carburetor 
while  the  motor  is  running. 

Zenith  Carburetor  Construction. — The  Zenith  Model  L,  shown 
at  Fig.  98,  A,  consists  of  a  float  chamber,  a  carbureting  chamber, 
a  system  of  nozzle  and  air  passages,  and  a  hot  air  sleeve  and 
regulator.  Gasoline  from  the  tank  enters  the  strainer  body  D 
(Fig.  98)f  passes  through  the  filter  screen  Dl,  and  enters  the 
float  chamber  through  the  needle  valve  seat  S,  lifting  the  float 
P.  As  soon  as  the  gasoline  reaches  a  predetermined  height  in 
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the  float  chamber,  the  metal  float  F,  acting  through  the  levers 
B  and  dollar  G2,  closes  the  needle  valve  Gl  on  its  seat  S.  From 
the  float  chamber  to  the  motor,  gasoline  flows  through  three 
different  channels,  in  various  quantities  and  proportions,  accord- 


Fig.  98. — Sectional  View  of  Zenith  Carburetor  Showing  All  Important 
Parts  at  A.  B — View  Showing  Action  of  Load  Speed  Adjustment. 
C — Special  Sleeve  to  Regulate  Air  Flow  to  Carburetor. 


ing  to  the  size  of  nozzles,  speed  of  the  motor  and  to  the  size  of 
the  chokes. 

Idling  Device. — At  low  speed,  when  the  butterfly  throttle  valve 
T  is  nearly  closed,  the  main  jet  and  cap  jet  give  but  little  or  no 
gasoline,  but,  as  there  is  considerable  suction  on  the  edge  of  the 
butterfly,  the  gasoline  is  drawn  through  the  idling  service.  This 
device  (see  Figure  98,  B),  consists  of  the  idling  tube  J  within 
the  secondary  well  P  inserted  in  the  first  well,  at  the  bottom  of 
which  the  compensator  I  is  located  and  which  is  open  to  the 
atmosphere  through  holes  A. 

Gasoline  from  the  compensator  I  flows  through  the  calibrated 
hole  in  the  bottom  of  the  secondary  well  P,  which  in  turn  is 
adjustably  open  to  the  air  through  the  idling  screw  O  and  the 
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idling  seat  N  (see  Figure  98,  B).  The  idling  tube  I  leads  to  a  hole 
located  at  the  edge  of  the  butterfly  throttle  valve,  where  the 
suction  is  most  strongly  felt.  This  suction  lifts  the  gasoline 
through  the  idling  tube  and,  in  combination  with  the  air  passing 
the  butterfly  valve,  forms  the  idling  mixture. 

Air  Sleeve. — The  air  sleeve  (see  Figure  98,  C)  is  provided 
with  an  air  strangler  and  temperature  regulator.  The  two  large 
rectangular  holes  can  be  closed  entirely  or  partially  by  the  brass 
band  held  together  by  a  knurled  headed  screw.  In  the  illustra- 
tion the  regulator  is  shown  half  open.  The  air  strangler  shutter 
is  actuated  by  a  lever,  having  a  coiled  spring  to  back  it  back  to 
the  open  position.  The  air  sleeve  slips  the  primary  air  opening 
and  is  bored  out  at  A  to  receive  the  flexible  tubing.  Flexible 
tubing  should  be  attached  to  the  air  sleeve  to  supply  the  car- 
buretor with  air  that  has  been  heated  by  contact  with  the  ex- 
haust pipe.  The  air  sleeve  with  strangler  and  temperature  regu- 
lator is  made  in  straight  and  angle  forms.  The  throttle  lever 
or  levers  can  be  furnished  as  desired  from  several  standard  de- 
igns. The  idling  adjusting  screw  can  be  assembled  on  either 
side  of  the  carburetor  barrel,  providing  there  is  no  interference 
with  the  throttle  lever  movement. 

Adjustments. — The  choke  X,  main  jet  G,  compensator  I  and 
idling  tube  J  need  not,  as  a  rule,  be  disturbed.  Their  adjustment 
consists  in  finding,  once  for  all,  the  different  sizes  or  "setting" 
of  air  and  gasoline  passages  suitable  for  the  motor.  These  pas- 
sages never  vary  and,  once  right,  stay  right.  When  the  Zenith 
is  furnished  as  standard  equipment  for  a  truck  the  setting  is 
correct  when  the  carburetor  leaves  the  factory.  The  only  ad- 
justment that  may  be  useful  is  the  slow  speed  adjustment.  The 
-trength  of  the  suction  in  the  idling  tube  can  be  diminished  by 
"turning  out"  screw  O,  thus  admitting  more  air.  "Turning  in" 
the  screw  O  increases  the  effect  of  the  suction  and  causes  the 
jet  to  flow  more  gasoline,  making  the  mixture  richer.  It  should 
•>e  remembered  that  this  adjustment  varies  the  idling  mixture 
only  and  has  no  effect  upon  the  high  speed  action. 

Open  the  throttle  a  little  way  in  starting  the  engine.  There 
will  be  a  strong  suction  in  the  idling  tube  J,  which  will  raise  the 
gasoline  contained  in  the  well  and  thus  prime  the  motor.  In 
cold  weather,  use  the  strangler  opening  throttle  a  little  more, 
and  allow  the  motor  to  run  a  few  minutes  before  starting  the 
Car.  It  is  better  to  drive  the  car  for  a  time  with  strangler  partly 
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closed— until  motor  is  well  warmed.  In  running  after  the  engine 
becomes  properly  heated  the  air  strangler  should  be  open. 

Care  of  the  Carburetor. — In  a  new  car  it  may  happen  that  the 
gasoline  line  or  the  tank  will  give  off  scale,  the  result  of  oxida- 
tion. These  impurities  may  clog  the  filter  and  cause  the  motor 
to  miss  and  pop.  Dirt  and  water  also  cause  trouble.  Clean  the 
pipe  and  carburetor  thoroughly.  The  carburetor  may  be  taken 
apart  for  cleaning  and  put  together  again  without  fear  of  dis- 
turbing the  adjustment.  If  cleaning  is  necessary,  be  sure  to 
have  the  float  cover  well  seated,  the  needle  valve  seat  and  the 
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Fig.  99.— Sectional  View  of  Schebler  Motor  Truck  Carburetor. 

various  jets  screwed  down  tight,  and  the  butterfly  throttle 
fastened  properly  on  the  shaft,  so  that  it  may  open  fully.  When 
closed  the  lower  edge  of  the  butterfly  throttle  should  cover  the 
idling  hole.  To  see  if  there  is  any  gasoline  in  the  carburetor, 
remove  needle  valve  cap  CI ;  if  needle  valve  can  be  depressed 
with  the  finger,  there  is  no  gasoline  in  the  carburetor. 

Ordering  Chokes  and  Jets. — The  chokes  are  numbered  in  mil- 
limeters according  to  the  size  of  their  smallest  inside  diameter. 
The  jets  and  compensators  are  numbered  in  hundredths  of  a 
millimeter.  A  one-hundred  jet  has  one  millimeter  hole  and  is 
smaller  than  a  onc-hundred-five  jet.  They  are  graded  by  five- 
hiindredths  of  a  millimeter  apart.  Size  numbers  are  found  on 
each  part. 
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Schebler  Model  A,  Plain  Tube  Carburetor. — This  plain  tube 
carburetor,  shown  at  Fig.  99,  is  built  around  the  "Pitot"  tube 
principle,  utilizing  the  differential  head  created  by  an  up-stream 
and  down-stream  "Pitot"  to  control  the  fuel  delivery.  The  use 
of  the  pitot  tube  principle  gives  a  fuel  flow  absolutely  propor- 
tioned and  controlled  by  the  air,  for  acceleration.  The  Model 
A  carburetor  has  a  low  speed  or  idle  service,  which  delivers 
fuel  and  air  at  the  low  edge  of  the  throttle  disc  in  its  closed 
position.  This  idle  is  so  designed  that  it  operates  and  blends 
with  the  fuel  supply  from  the  main  nozzle  in  such  a  manner  as 
to  prevent  any  flat  or  dead  spots.  This  carburetor  has  no  small 
air  vents  open  to  the  outside  air  to  clog  up  with  dust  or  foreign 
substance.  In  case  of  a  backfire  there  is  no  chance  of  back- 
pressure gas  blowing  through  to  the  outside  of  the  carburetor 
and  causing  a  fire. 

It  has  two  gasoline  needle  adjustments:  one  for  adjusting  the 
idle,  and  one  for  the  high  speed.  These  two  adjustments  take 
care  of  the  slight  variations  that  occur  in  all  motors,  and  also 
the  extreme  changes  in  weather  conditions.  The  Model  A 
carburetor-  is  equipped  with  a  starting  shutter  in  the  air  intake, 
and  gasoline  strainer  at  the  bottom  of  the  bowl.  The  gasoline 
connection  and  flange  are  made  in  accordance  with  the  S.A.E. 
Mandard.  « 

Before  adjusting  the  carburetor,  be  sure  that  the  fuel  tank  and 
all  pipe  connections  are.  clean ;  see  that  the.  ignition  is  properly 
timed ;  that  all  connections  between  the  intake  va^ve  of  the  motor 
and  the  carburetor  are  tight  and  that  there  are:  no  air  leaks  of 
any  kind.  See  that  the  choker  C  in  the  air  intake  is  connected 
for  initial  starting,  so  that  when  the  choker  on  the  dash  is  pulled 
out,  all  the  air  will  be  shut  off.  After  the  car  has  been  started, 
this  choker  should  be  turned  to  its  original  position  as  the  motor 
warms  up.  Open  both  gasoline  needles  A  and  B  about  three 
or  tour  complete  turns  from  the  closed  position.  Open  throttle 
about  one-eighth  and  start  motor.  Let  the  motor  warm  up 
thoroughly  before  making  adjustments  on  the  carburetor.  After 
the  motor  has  been  thoroughly  warmed,  then  adjust  idle  needle 
A  until  the  correct  mixture  is  obtained  for  idle  running.  Next 
fpen  the  throttle  about  one-quarter  way  and  adjust  gasoline 
needle  B. 

Holley  Model  K  Carburetor.— The  1*4 -inch  Holley  Model 
K  carhuretor  used  on   International  Harvester  truck  models 
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F,  H  and  K  is  shown  at  Fig.  100.  The  gasoline  comes  from  the 
tank  through  the  copper  tube  stopcock  and  strainer  and  up  to 
the  float  valve.  The  float  holds  the  gasoline  level  from  one- 
sixteenth  inch  to  one-eighth  inch  below  the  top  of  the  spray  noz- 
zle basin  inside  the  air  passage.    This  level  can  be  seen  by 


Fig.  100. — Sectional  Views  Showing  Construction  of  Special  Holley  Car- 
buretor Used  on  the  International  Harvester  Motor  Trucks. 


removing  the  top  section  of  the  carburetor.  Into  this  spool  the 
spray  nozzle  and  the  law-speed  tube  dip.  The  rate  at  which 
fuel  flows  from  the  float  chamber  into  this  spool  is  regulated  by 
the  needle  valve  as  shown  in  inset  A,  Fig.  100.  It  is  evident 
that  the  depth  of  the  pool  will  vary  with  the  rate  at  which  gaso- 
line is  being  used,  and  this  variation,  together  with  the  shape 
and  arrangement  of  the  Venturi  tubes,  gives  the  necessary  cor- 
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rection  for  speed  and  load  and  makes  an  auxiliary  air  valve 
unnecessary. 

Holley  Carburetor  Adjustment. — The  idling  tube  connects  at 
its  upper  end  with  plug,  having  a  hole  drilled  off  center  leading 
into  the  air  passage.  A  screwdriver  slot  in  the  outer  end  of  this 
plug  allows  of  turning  it,  after  locknut  has  been  loosened.  A 
prick  punch  mark  on  the  outer  end  of  the  plug  shows  the  lo- 


Pig.  101. — Diagram  Showing  Method  of  Obtaining  Hot  Air  from  the 
Exhaust  Manifold  and  to  Supply  Cooled  Air  When  Required  in 
International  Harvester  Truck  Fuel  System. 

cation  of  the  hole.  It  is  evident  that  if  the  hole  is  brought  en- 
tirely above  the  closed  throttle,  the  suction  will  be  very  strong 
and  a  large  amount  of  gasoline  be  drawn  through  the  hole.  If 
the  hole  is  entirely  below  the  throttle  the  resulting  mixture  will 
be  very  weak.  The  proper  adjustment  lies  between  the  two 
extremes. 

The  adjustment  of  throttle  stopscrew  will  also  affect  the 
mixture  as  well  as  idling  speed,  as  the  edge  of  the  throttle  rises 
quite  rapidly  as  it  approaches  the  closed  position.  The  two 
should  be  adjusted  together  so  that  the  engine  idles  steadily  at 
the  speed  desired.  The  idling  adjustment  has  no  effect  on  the 
running  adjustment,  except  when  throttle  is  nearly  closed.  The 
only  running  adjustment  is  that  of  the  needle  valve.  This  may 
be  opened  1*4  turns  as  a  trial  position,  but  better  economy  will 
be  secured  in  warm  weather  with  less  opening  and  more  may 
be  needed  in  cold.    (See  illustration,  Fig.  100,  A.) 

Adjust  the  carburetor  when  the  motor  is  warm.     In  cold 
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Fig.  102.— Sectional  View  of  the  International  Harvester  Ensign  Carbu- 
retor Which  Uses  Low  Grade  Fuel. 

weather,  stop  the  motor  for  the  night  or  a  long  stop  by  flood- 
ing the  carburetor ;  to  do  this,  pull  up  on  fuel  control  wire  but- 
ton. This  will  fill  the  cylinders  with  a  mixture  too  rich  to 
explode,  but  it  will  be  all  right  when  the  motor  gets  cold. 
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Ensign  Carburetor. — The  Ensign  1*4 -inch  carburetor  is  used 
on  International  Harvester  Model  G  two-ton  trucks  and  is  shown 
at  Fig.  102,  type  JG  being  employed  for  gasoline  and  JD  for  the 
territory  west  of  the  Rocky  Mountains,  where  distillate  is  the 
common  fuel.  The  following  description  applies  to  both:  The 
fuel  enters  at  A,  passes  upward  through  screen  B,  and  down- 
ward through  the  float-controlled  needle  valve,  C,  into  the  float 
chamber,  D.  The  float  maintains  the  fuel  level  V32  inch  below 
the  top  of  suction  tube  E,  which  opens  through  holes  F  at  its 


Fig.  103. — Special  Exhaust  Control  Used  with  International  Harvester 
Ensign  Carburetor  to  Heat  the  Vaporizing  Device. 

lower  end  into  the  centrifugal  chamber,  G.  Tube  E  is  sur- 
rounded by  a  larger  tube,  H,  into  which  fuel  enters  through 
Nmall  hole,  J.  The  effective  opening  of  this  hole  is  controlled 
by  gas-adjusting  tube,  K,  shown  in  solid  black,  which  can  be 
brewed  up  and  down  by  its  knurled  head.  This  tube  performs 
the  function  of  the  usual  gas-adjusting  needle  valve.  A  com- 
pensating air  tube,  M,  is  connected  to  the  interior  of  the  gas- 
adjusting  tube  K,  through  the  automatic  valve  N,  which  lifts 
when  the  air  speed  through  the  carburetor  becomes  high  enough, 
and  lowers  the  vacuum  in  the  gas-adjusting  tube,  preventing  the 
formation  of  too  rich  a  mixture. 

Type  JD  carburetor,  shown  in  illustration  Fig.  102,  is 
equipped  with  a  priming  bowl  in  the  float  cover  and  a  prim- 
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ing  tank  X  for  gasoline  is  located  on  the  dash  beside  the  vacuum 
tank,  and  connected  by  tube  to  the  priming  bowl  at  W. 

To  start  a  cold  distillate  burning  motor,  tip  priming"  lever 
Y  on  top  of  priming  tank  in  any  direction.  This  lifts  the  valve 
in  bottom  of  tank  and  gasoline  flows  into  the  priming  bowl.  The 
amount  required  will  depend  upon  the  temperature  of  the  motor. 
The  gasoline  will  flow  through  hole  V  and  down  into  the 
idling  well  S.  Set  the  throttle  a  little  more  open  than  idling 
position  and  crank  motor.    If  one  priming  does  not  warm  the 
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Fig.  104.— The  Bennett  Air  Cleaner  Which  Removes  Dust  and  Other 

Solid  Matter  from  the  Incoming  Air. 

motor  up  enough  to  run  properly  on  distillate,  give  it  a  little 
more  gasoline,  but  be  careful  not  to  overprime.  To  correct  over- 
priming,  open  throttle  wide  and  crank  slowly,  closing  throttle 
when  motor  comes  to  speed. 

Cold  Weather  Starting. — Gasoline  vaporizes  slowly  when  cold 
and  at  very  low  temperature  will  not  form  an  ignitable  mixture. 
In  such  cases,  prime  the  motor  with  warmed  gasoline  or  use 
special  high  test  gasoline  or  a  mixture  of  one  part  ether  to 
seven  parts  gasoline  for  priming.  If  you  warm  the  gasoline, 
don't  take  it  to  a  fire  but  set  a  small  can  of  it  in  a  pan  of  hot 
water.  Warming  the  intake  pipe  by  wrapping  in  cloths  wet 
with  hot  water  will  generally  enable  you  to  start  in  the  coldest 
weather.  Priming  can  be  carried  too  far;  filling  the  cylinder 
with  a  mixture  too  rich  to  ignite,  but  this  is  not  likely  in  very 
cold  weather.    In  such  a  case  open  throttle  wide  and  crank 
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slowly  until  a  correct  mixture  is  formed  in  the  cylinders,  when 
the  motor  will  begin  firing. 

A  hot  air  jacket,  as  shown  at  Fig.  103,  is  provided  around  the 
exhaust  manifold  with  a  bypass  valve  adjustable  by  a  wire  lever. 
When  the  lever  is  horizontal  the  air  is  hottest.    Set  to  suit 


Fif.  105, — Interior  of  Special  Air  Cleaner  Operating  on  the  Centrifugal 

Principle. 

weather  conditions,  as  too  much  hot  air  cuts  down  power;  too 
little  cuts  down  power  and  economy  and  the  engine  does  not 
handle  well. 

Air  Cleaner. — Considerable  trouble  is  caused  by  road  and  field 
dust  getting  into  the  engine  through  the  air  intake,  especially 
on  tractors  and  trucks  used  in  construction  work  as  excavating 
or  around  a  stone  crusher.  The  object  of  the  Bennett  air  cleaner, 
shown  at  Fig.  104,  is  to  filter  all  air  and  remove  dust  and  other 
foreign  matter  it  holds  in  suspension.  Much  of  this  matter  is 
of  an  abrasive  nature  and  has  a  deteriorating  effect  on  the  bear- 
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ing  surfaces,  and  all  of  it  is  thickening  and  reducing  the  efficiency 
of  the  lubricating  oil.  It  is  said  that  there  are  no  moving  parts 
and  no  cloths  to  clean,  no  screens  to  clog  or  adjustments  needed. 
A  cap  is  removed  to  empty  out  dust,  otherwise  the  cleaner  re- 
quires no  attention.  It  is  made  in  various  sizes  to  fit  all  stand- 
ard carburetors  and  will  function  properly  with  any  power  plant. 
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Fig.  106. — Side  and  Plan  Views  of  Typical  Motor  Truck  Power  Plant 
Showing  Spark  and  Throttle  Control  Levers  and  Linkage. 
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j  The  air  is  drawn  by  motor  suction  through  three  openings  in 
I  the  side  of  the  cleaner  into  helical  tubes.  These  tubes  cause  the 
air  to  swirl  around  in  the  cleaner,  and  as  the  tubes  have  a  down- 
ward slant,  the  centrifugal  action,  together  with  gravity,  sepa- 
rates the  dust  from  the  air  and  causes  it  to  collect  in  the  glass 
jar  which  is  screwed  to  the  lower  end  of  the  sheet-metal  housing, 
as  sho»»'n  at  Fig.  105.  The  clean  air  passes  up  out  of  the  top 
of  the  housing  to  the  carburetor.  The  use  of  such  an  air  cleaner 
is  claimed  to  result  in  less  wear  on  engine  bearings,  piston  rings 


Fig.  107. — Showing  Method  of  Regulating  Fuel  Mixture  Supplied  to  the 
Cylinders  by  Means  of  a  Centrifugal  Governor  Which  Automatically 
Reduces  the  Quantity  When  the  Engine  Speed  Exceeds  a  Certain 
Predetermined  Limit. 


and  valves ;  increased  lubricating  oil  economy,  better  fuel  econ- 
omy, less  carbon  trouble  and  longer  life  of  the  carburetor.  The 
cleaner  may  be  connected  to  the  carburetor  by  means  of  a  short 
length  of  flexible  tube.  Other  makes  of  cleaners  filter  the  air 
through  cloth  or  wire  gauze  screens  or  wash  it  by  passing  it 
through  water. 

Methods  of  Gas-Supply  Regulation. — The  methods  of  regu- 
lating the  amount  of  gas  supplied  the  cylinder  vary  to  some  ex- 
tent, though  the  general  system  is  to  introduce  some  form  of 
butterfly  or  shutter  valve  in  the  mixture  pipe  between  the  mix- 
ing chamber  and  the  valve  chamber.  These  valves  are  operated 
by  rod  connections  to  hand  lever  placed  in  top  of  the  steering 
post  or  accelerator  pedal  on  foot  boards,  as  shown  at  Fig.  106, 
and  the  amount  of  gas  passing  from  the  carburetor  into  the  cyl- 
inder depends  upon  the  amount  of  opening  provided  by  the 
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valve.  When  it  is  fully  opened  the  gas  may  fill  the  cylinders 
easily,  though  as  its  position  changes  the  area  of  the  mixture 
passage  is  gradually  decreased  and  the  amount  of  gas  passing 
through  reduced. 

In  some  cases  the  hand  throttle  is  supplemented  by  an  auto- 
matic governor  which  is  designed  to  shut  off  the  gas  supply 


Fig.  108. — Showing  How  Governor  of  the  International  Harvester  Motor 
Truck  is  Mounted  on  the  Front  End  of  the  Crankshaft. 


should  the  engine  speed  increase  beyond  a  certain  predetermined 
point.  A  carburetor  fitted  with  both  hand-operated  throttle  and 
shutter  actuated  by  a  governor  from  the  engine  is  shown  at  Fig. 
107.  The  hand  throttle  is  a  simple  disc  valve  attached  to  a  stem 
passing  through  the  mixture  pipe  at  a  central  point.  When  in 
the  position  shown  the  passage  is  fully  opened.  The  governor 
throttle  is  a  shutter  valve  placed  in  a  special  pocket  above  the 
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hand-operated  disc.  It  is  worked  by  lever  and  rod  connection 
by  a  centrifugal  governor. 

The  governor  consists  of  two  weights  pivoted  in  such  a  man- 
ner that  they  lie  close  to  the  governor  shaft  when  engine  speeds 
are  low.  As  the  speed  of  the  governor  shaft  increases,  the 
weights  tend  to  fly  out  from  center  due  to  centrifugal  force,  and 
as  they  are  thrown  out  they  pull  a  sliding  collar  back  against 
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Pig.  109. — Diagram  Showing  Various  Forms  of  Mixture  Supply  Gov- 
ernors. A — Throttle  Control  by  Movable  Weight.  B — Hydraulic 
Regulator.  C — Governor  Actuated  by  Flexible  Shaft  Drive  from  the 
Pront  Wheels.  D — Governor  Weight  Mounted  on  Lay  Shaft  of 
Change  Speed  Gearing. 
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a  spring.  The  sliding  collar  actuates  a  lever  which  closes  the 
governor-throttle  valve  by  the  rod  connecting  it  to  the  governor. 
The  governor  is  driven  from  the  engine  by  some  form  of  driving 
gear,  or  it  may  be  located  on  the  camshaft.  The  amount  of 
weights  fly  out  as  regulated  by  the  spring,  and  as  its  tension  is 
increased  it  will  take  a  higher  engine  speed  to  throw  the  weights 
out  sufficiently  to  close  the  governor  throttle.  When  the  spring 
is  weakened  the  governor  weights  fly  out  at  lower  speeds  and 
the  governor  throttle  is  closed  sooner. 

Such  a  device  is  useful  in  preventing  racing  of  the  engiiu- 
under  certain  conditions.  For  instance,  if  the  car  was  climbing 
a  hill  on  one  of  the  lower  gear  ratios  which  would  permit  the 
engine  to  run  quite  fast  and  the  clutch  pedal  was  depressed  so 
that  the  drive  would  be  momentarily  interrupted,  the  tendency 
of  the  engine,  thus  relieved  of  its  load,  would  be  run  at  an  ex- 
tremely high  rate  of  speed.  If  the  operator  was  fully  occupied 
in  steering  and  shifting  gears  he  could  not  regulate  the  hand- 
throttle  valve  and  the  result  would  be  that  the  engine  would 
run  dangerously  fast.  When  a  governor  is  fitted,  as  soon  as  the 
engine  speed  tends  to  become  excessive  the  weights  fly  out  and 
the  supply  of  gas  is  diminished  automatically. 

A  governor  is  also  useful  on  commercial  cars  where  it  is  de- 
sired to  keep  the  vehicle  speed  within  certain  limits.  As  speed 
is  directly  dependent  upon  the  number  of  engine  revolutions, 
the  governor  can  be  set  in  such  a  way  that  the  engine  will  run 
up  to  a  certain  point  and  no  faster.  Governors  are  not  so  widely 
used  at  the  present  time  as  they  were  in  the  past,  owing  to  im- 
provements in  carburetor  control  devices.  All  governors  do  not 
operate  on  the  centrifugal  principle.  Some  are  hydraulic,  others 
are  worked  by  compressed  air.  The  fly  ball  governor  described 
is  the  most  common,  and  it  shows  clearly  the  principle  of  action 
and  utility  of  such  devices.  Governors  are  sometimes  operated 
by  a  flexible  shaft  from  a  road  wheel.  A  compact  form  of  gov- 
ernor of  this  type,  used  on  the  International  Harvester  trucks, 
is  shown  at  Fig.  108.  The  operation  can  be  readily  ascertained 
by  study  of  the  simple  form  at  Fig.  109,  A. 

Hydraulic  Governor. — A  hydraulic  governor  is  used  in  some 
models  of  the  Packard  truck,  this  consisting  of  a  chamber  car- 
rying a  diaphragm  against  which  the  stream  of  cooling  water 
from  the  circulating  pump  of  the  cooling  system  impinges. 
When  the  speed  of  the  engine  becomes  too  great-  the  flow  of 
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cooling  water  is  more  rapid  and  the  pressure  against  the  dia- 
phragm will  operate  linkage  to  close  the  throttle  and  slow  down 
the  engine.  The  principle  involved  is  clearly  shown  at  Fig. 
109,  B.  The  governor  is  not  always  driven  from  the  engine.  At 
C,  it  is  operated  from  the  front  wheel ;  at  D,  it  is  incorporated 
in  the  gearset.    Both  of  these  are  unusual  applications. 

Kramer  Governor. — Controlling  the  speed  of  the  motor  by 
utilizing  the  velocity  of  the  inrushing  gases  is  the  feature  of  a 
new  governor  known  as  the  Kramer.    As  is  shown  in  Fig.  110, 


Fig.  110. — The  Kramer  Automatic  Governor. 


as  the  speed  of  the  motor  grows  higher,  the  increasing  velocity 
of  the  gases  past  the  floating  disc  in  the  intake  passage  raises 
this  disc  and  closes  the  damper,  placed  below  it.  Thus  when 
the  speed  of  the  gases  reaches  a  predetermined  amount  the  but- 
terfly begins  to  close  and  the  speed  drops.  These  two  members 
are  contained  in  a  suitable  casing  which  is  inserted  between  the 
carburetor  and  intake  manifold.  Since  it  is  compact  and  self- 
^>ntaincd.  it  may  be  easily  attached  to  any  motor.  There  are 
no  revolving  parts  and  little  to  get  out  of  order  or  wear.  It  is 
stated  that  all  governors  are  thoroughly  tested  and  set  for  a 
maximum  speed  of  about  1.000  revolutions  per  minute.  The  gov- 
ernor may  be  simply  adjusted  to  any  speed  desired.  This  gives 
'<•■  direct  control  of  the  piston  speed  of  the  motor  as  the  speed  of 
the  intake  gases  is  a  direct  function  of  the  piston  speed.  This 
is.  of  course,  within  the  limits  of  ordinary  running,  where  the 
volumetric  efficiency  of  the  motor  does  not  vary  sufficiently  to 
alter  the  proportions  to  an  appreciable  extent.    Ball  bearings  of 
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the  single  row  type  are  used  on  the  shaft  of  the  butterfly  and  a 
clock  spring  regulates  its  action.  The  throttle  shaft  is  ground 
true  to  1-1000  inch.  Hardened  steel  bushings  are  used  in  the 
links. 

Pierce  Governor. — The  governor  is  mounted  between  the  car- 
buretor and  intake  manifold,  and  is  driven  by  means  of  a  flexi- 
ble shaft,  encased  in  an  oil-tight  flexible  tube,  to  the  governor 


Fig.  111. — Views  Showing  Construction  of  the  Pierce  Automatic 

Governor. 

bevel  drive  gear  at  rear  end  of  exhaust  camshaft  or  other  suit- 
able driving  connection  on  the  engine. 

The  butterfly  valve,  in  the  governor  valve  box,  as  shown  at 
Fig.  Ill,  is  normally  in  a  position  that  does  not  obstruct  the 
flow  of  mixture  from  the  carburetor  to  the  manifold,  but  as  the 
engine  speed  increases,  the  valve  area  is  reduced  until  the  maxi- 
mum speed  of  1,350  r.p.m.  is  attained,  when  the  valve  is  closed 
entirely.  The  valve  is  actuated  by  what  is  known  as  the  flyball 
principle,  operating  as  follows:  two  weights  are  so  pivoted  on 
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the  controller  shaft  that  they  swing  outward,  as  the  speed  of 
the  shaft  increases,  forcing  a  plunger  forward  which  in  turn 
operates  the  butterfly  valve.  The  plunger  is  forced  against  a 
>pring  calibrated  to  a  standard  pressure,  so  that  the  weights  are 
returned  to  their  normal  position  as  the  speed  of  the  shaft  de- 
creases. A  paper  gasket  seals  the  joints  on  each  side  of  gover- 
nor box,  preventing  leakage  of  air  into  the  manifold.  The  gov- 
ernor is  adjusted  at  the  factory,  and  the  adjustment  sealed.  This 
>eal  must  not  be  broken  unless  absolutely  necessary  to  change 


Fig.  112. — Cutaway  View  Showing  Construction  of  the  Simplex 

Governor. 

the  adjustment,  which  is  as  follows :  Cut  the  seal  wire,  pull  off 
cap  and  turn  screw  to  the  right  or  clockwise  to  decrease  the 
engine  speed,  and  to  the  left  or  anti-clockwise  increases  the 
engine  speed.  When  proper  adjustment  has  been  made,  replace 
cap  and  seal  same,  so  adjustment  cannot  be  tampered  with,  or 
affected  by  vibration.  The  governor  connections  at  each  end 
f,f  the  flexible  shaft  should  be  examined  frequently  to  insure 
alignment  of  gears  at  lower  end  and  shaft  at  governor  end.  It 
w  especially  valuable  for  uce  with  engines  not  originally 
designed  with  a  governor  incorporated  in  the  motor  mechanism. 

Simplex  Governor. — Briefly,  the  governor,  outlined  at  Fig. 
112.  consists  of  a  grid  valve  controlled  by  the  action  of  four  balls 
w  weights.  The  weights  are  mounted  about  a  movable  shaft 
*hich  operates  through  a  sleeve.  Centrifugal  force  which  re- 
sults from  the  whirling  of  the  balls  around  the  shaft  causes 
them  to  pull  away.  This  action  forces  the  shaft  through  the 
ilecve  and  against  the  grid  valve,  cutting  down  the  supply  of 
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fuel.  As  these  weights  are  raised  and  lowered  by  the  engine, 
they  regulate  the  flow  of  gas  according  to  the  needs  of  the  mo- 
ment. When  the  engine  is  turning  over  1,191  revolutions  the 
governor  automatically  cuts  off  all  the  fuel,  thus  restricting  the 
engine  and  consequently  the  vehicle  speed.  The  same  general 
pattern  is  also  made  in  the  "Duplex"  form,  one  grid  valve  being 
actuated  by  mechanism  connected  to  the  engine  as  in  the  "Sim- 
plex," the  other  being  operated  by  flexible  shaft  connection  with 
one  of  the  front  wheels  or  from  some  members  of  the  transmis- 
sion system.  In  this  way  a  double  check  is  obtained  on  the 
motor  speed. 

Care  of  Simplex  Governor. — To  lubricate,  remove  the  oil-filler 
screw  (5)  and  fill  chamber  weekly.  Use  medium  cylinder  oil. 
and  in  winter  add  to  it  an  equal  amount  of  light  machine  oil. 
Every  1.000  miles  remove  screw  (6),  shown  in  Fig.  112,  fill  half 
full  of  machine  oil,  run  for  ten  minutes  to  clean  interior  and 
drain.  Refill  the  chamber  with  cylinder  oil  as  above  described. 
Be  sure  that  the  governor  does  not  run  without  oil,  as  it  might 
injure  its  bearings.  Keep  screws  7  and  6  with  copper  washers 
tight  to  prevent  oil  leakage.  Connect  with  wire  to  prevent  losing 
them.  To  clean  governor  valve,  if  necessary,  pour  kerosene  into 
air  inlet  of  carburetor  while  engine  is  running,  varying  the  speed 
of  the  engine  from  high  to  low,  thus  opening  and  closing  the 
valve.  If  it  surges  it  may  result  from  one  of  three  causes:  Gov- 
ernor lubrication  bad,  governor  valve  dirty  or  cable  drive  not 
steady  due  to  back  lash. 

Never  adjust  the  governor  unless  there  is  a  reason  for  it.  To 
set  the  governor  turn  the  small  hand  wheel  out  for  higher  speed 
and  in  for  lower  speed.  Do  not  fail  to  lock  the  hand  wheel  with 
yoke  after  setting,  if  a  locking  spring  is  not  provided,  and  see 
that  the  yoke  does  not  bind  on  hand  wheel.  The  locking-pin 
and  seal  (1)  are  for  the  protection  of  the  governor  and  the  en- 
gine. Ho  not  touch  the  valve  screws  (4).  If  grid  valve  of  gov- 
ernor is  jammed  shut  or  open,  clean  out  with  kerosene.  It  is 
caused  by  particles  of  grit  or  dirt  becoming  lodged  between 
grids. 
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CHAPTER  IV 


TRUCK   MOTOR  COOLING  AND  LUBRICATION 

Why  Cooling  Systems  are  Necessary — Meat  Loss  in  Average  Motor — 
Cooling  Systems  Generally  Applied — Direct  Air  Cooling  Methods — 
Forced  Water  Circulation — Water  Circulation  by  Natural  System — 
Radiator  Construction — Cooling  Fan  and  Pump — Motor-Meter — 
Thermostat — Rayfield  Thermostat — Lubricating  Truck  Engines — 
The  Xash  Oiling  System— Mack  A.  C.  Lubricating  System — Plunger 
Pump  for  Oil  Circulation — White  Oil  Pump  Action— Wisconsin  Oil- 
ing System — Packard  Motor  Lubrication. 

Why  Cooling  Systems  Are  Necessary. — The  reader  should 
understand  from  Chapter  II  that  the  power  of  an  internal  com- 
bustion motor  is  obtained  by  the  rapid  combustion  and  conse- 
quent expansion  of  some  inflammable  gas.  The  operation  in 
brief  is  that  when  air  or  any  other  gas  or  vapor  is  heated,  it 
will  expand,  and  that  if  this  gas  is  confined  in  a  space  which  will 
not  permit  expansion,  pressure  will  be  exerted  against  all  sides 
of  the  containing  chamber.  The  more  a  gas  is  heated,  the  more 
pressure  it  will  exert  upon  the  walls  of  the  combustion  cham- 
ber in  which  it  is  confined.  Pressure  in  a  gas  may  be  created  by 
increasing  its  temperature  and  inversely  heat  may  be  created 
by  pressure.  When  a  gas  is  compressed  its  total  volume  is 
reduced  and  the  temperature  is  augmented. 

The  efficiency  of  any  form  of  heat  engine  is  determined  by 
the  power  obtained  from  a  certain  fuel  consumption.  A  definite 
amount  of  energy  will  be  liberated  in  the  form  of  heat  when  a 
pound  of  any  fuel  is  burned.  The  efficiency  of  any  heat  engine 
is  proportional  to  the  power  developed  from  a  definite  quantity 
"i  fuel  with  the  least  loss  of  thermal  units.  If  the  greater  pro- 
portion of  the  heat  units  derived  by  burning  the  explosive  mix- 
ture could  be  utilized  in  doing  useful  work  the  efficiency  of  the 
gasoline  motor  would  be  greater  than  that  of  any  other  form  of 
prime  mover.    There  is  a  great  loss  of  heat  from  various  causes, 
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among  which  can  be  cited  the  reduction  of  pressure  through 
cooling  the  motor  and  the  loss  of  heat  through  the  exhaust 
valves  when  the  burned  gases  are  expelled  from  the  cylinder. 

Heat  Loss  in  Average  Motor. — The  loss  through  the  water 
jacket  of  the  average  automobile  power  plant  is  over  35  per  cent 
of  the  total  fuel  efficiency.  This  means  that  more  than  one-third 
of  the  heat  units  available  for  power  are  absorbed  and  dissipated 
by  the  cooling  water.  Another  35  per  cent  is  lost  through  the 
exhaust  valves,  and  but  30  per  cent  of  the  heat  units  are  avail- 
able to  overcome  motor  friction  and  do  useful  work.  The  great 
loss  of  heat  through  the  cooling  systems  cannot  be  avoided,  as 
some  method  must  be  provided  to  keep  the  temperature  of  the 
engine  within  proper  bounds.  It  is  apparent  that  the  rapid 
combustion  and  continued  series  of  explosions  would  soon  heat 
the  metal  portions  of  the  combustion  chamber  and  valves  to  a 
red  heat  if  some  means  were  not  taken  to  conduct  much  of  this 
heat  away.  The  high  temperature  of  the  parts  would  burn  the 
lubricating  oil,  even  that  of  the  best  quality,  and  the  piston  and 
rings  would  expand  to  such  a  degree,  especially  when  deprived 
of  oil,  that  they  would  seize  in  the  cylinder.  This  would  score 
the  walls,  and  the  friction  which  ensued  would  tend  to  bind  the 
parts  so  tightly  that  the  piston  would  stick,  bearings  would  be 
burned  out,  the  valves  would  warp,  and  the  engine  would  soon 
become  inoperative. 

Cooling  Systems  Generally  Applied. — There  are  two  general 
systems  of  engine  cooling  in  common  use,  that  in  which  water 
is  heated  by  the  absorption  of  heat  from  the  engine  and  then 
cooled  by  air,  and  the  other  method  in  which  the  air  is  directed 
into  the  cylinder  and  absorbs  the  heat  directly  instead  of  through 
the  medium  of  water.  When  the  liquid  is  employed  in  cooling 
it  is  circulated  through  jackets  which  surround  the  cylinder 
casting  and  the  water  may  be  kept  in  motion  by  two  methods. 
The  one  generally  favored  is  to  use  a  positive  circulating  pump 
of  some  form  which  is  driven  by  the  engine  to  keep  the  water  in 
motion,  as  shown  at  Fig.  113.  The  other  system  is  to  utilize  a 
natural  principle  that  heated  water  is  lighter  than  cold  liquid 
and  that  it  will  tend  to  rise  to  the  top  of  the  cylinder  when  it 
becomes  heated  to  the  proper  temperature  and  cooled  water 
takes  its  place  at  the  bottom  of  the  water  jacket.  This  very 
simple  system  is  shown  at  Fig.  114. 

Direct  Air-Cooling  Methods. — Air-cooling  methods  may  be  by 
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radiation  or  convection.  In  the  former  case  the  effective  outer 
surface  of  the  cylinder  is  increased  by  the  addition  of  flanges 
machined  or  cast  thereon,  and  the  air  is  depended  on  to  rise  from 
the  cylinder  as  heated  and  be  replaced  by  cooler  air.  This,  of 
course,  is  found  only  on  stationary  engines.  When  a  positive 
air  draught  is  directed  against  the  cylinder  by  means  of  the  fan 
slip  stream,  as  in  an  automobile,  cooling  is  by  convection  and 
radiation  both.    Sometimes  the  air  draught  may  be  directed 


Fig.  114. — Overland  Thcrmo-Syphon  Cooling  System. 


against  the  cylinder  walls  by  some  form  of  jacket  which  con- 
fines it  to  the  heated  portions  of  the  cylinder.  At  the  present 
time  all  trucks  use  water-cooled  engines,  and  air-cooling  methods 
are  employed  only  on  aviation  and  motorcycle  engines,  and  two 
makes  of  passenger  cars,  the  Franklin  and  the  Holmes. 

Water  Circulation  by  Natural  System. — Some  automobile  en- 
gineers contend  that  the  rapid  water  circulation  obtained  by 
using  a  pump  may  cool  the  cylinders  too  much,  and  that  the 
temperature  of  the  engine  may  be  reduced  so  much  that  the  effi- 
ciency will  be  lessened.    For  this  reason  there  is  a  tendencv  on 
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passenger  cars  to  use  the  natural  method  of  water  circulation,  as 
the  cooling  liquid  is  supplied  to  the  cylinder  jackets  just  below 
the  boiling  point,  and  the  water  issues  from  the  jacket  at  the 
top  of  the  cylinder  after  it  has  absorbed  sufficient  heat  to  raise 
it  just  about  to  the  boiling  point. 

As  the  water  becomes  heated  by  contact  with  the  hot  cylinder 
and  combustion  chamber  walls  it  rises  to  the  top  of  the  water 
jacket,  flows  to  the  cooler,  where  enough  of  the  heat  is  absorbed 
to  cause  it  to  become  sensibly  greater  in  weight.  As  the  water 
becomes  cooler,  it  falls  to  the  bottom  of  the  radiator  and  it  is 
again  supplied  to  the  water  jacket.  The  circulation  is  entirely 
automatic  and  continues  as  long  as  there  is  a  difference  in  tem- 
perature between  the  liquid  in  the  water  spaces  of  the  engine 
and  that  in  the  cooler.  The  circulation  becomes  brisker  as  the 
engine  becomes  hotter  and  thus  the  temperature  of  the  cylinders 
is  kept  more  nearly  to  a  fixed  point.  With  the  thermo-syphon 
system  the  cooling  liquid  is  nearly  always  at  its  boiling  point, 
whereas  if  the  circulation  is  maintained  by  a  pump  the  engine 
will  become  cooler  at  high  speed  and  will  heat  up  more  at  low 
speed. 

With  the  thermo-syphon,  or  natural  system  of  cooling,  more 
water  must  be  carried  than  with  the  pump-maintained  circula- 
tion methods.  The  water  spaces  around  the  cylinders  should  be 
larger,  the  inlet  and  discharge  water  manifolds  should  have 
greater  capacity,  and  be  free  from  sharp  corners  which  might 
impede  the  flow.  The  radiator  must  also  carry  more  water  than 
the  form  used  in  connection  with  the  pump,  because  the  brisker 
pump  circulation  maintains  the  engine  temperature  at  a  lower 
point.  The  simplicity  of  such  a  system  is  evident  by  referring  to 
Fig.  114,  but  most  truck  designers  favor  the  positive  pump- 
induced  circulation  because  a  truck  motor  is  a  heavy  duty  type 
and  it  must  be  cooled  adequately. 

Forced  Water  Circulation.— The  water  is  drawn  from  the 
lower  header  of  the  radiator  by  the  pump  and  is  forced  through 
a  manifold  to  the  lower  portion  of  the  water  jackets  of  the  cyl- 
inder. It  becomes  heated  as  it  passes  around  the  cylinder  walls 
and  combustion  chambers,  and  the  hot  water  passes  out  of  the 
top  of  the  water  jacket  to  the  upper  portion  of  the  radiator. 
Here  it  is  divided  into  thin  streams  and  directed  against  com- 
batively cool  metal,  which  abstracts  the  heat  from  the  water. 
U  it  becomes  cooler  it  falls  to  the  bottom  of  the  radiator,  be- 
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cause  its  weight  increases  as  the  temperature  becomes  lower. 
By  the  time  it  reaches  the  bottom  of  the  radiator,  its  tempera- 
ture has  been  considerably  reduced  and  it  may  be  utilized  again 
for  cooling  purposes.  Typical  truck  cooling  systems  and  details 
of  their  components  are  now  to  be  described. 

Mack  A.  C.  Cooling  System.— The  cooling  system  shown  at 
Fig.  115  is  that  used  on  the  Mack  A.  C.  truck  and  is  a  distinctive 


Fig.  115. — Diagram  Showing  Water  Cooling  System  of  the  Mack  A.  C. 
Truck  in  Which  Radiator  is  Mounted  at  the  Back  of  the  Motor. 


construct  ion  owing  to  the  location  of  the  radiator.  This  is 
placed  at  the  back  of  the  engine  and  is  a  special  design  in  which 
the  top  and  bottom  headers  are  joined  by  a  series  of  curved  radi- 
ator tubes  at  the  center  of  which  is  a  suction  fan  to  draw  air 
through  the  tube  assembly.  This  fan  is  driven  from  the  flywheel 
by  means  of  a  substantial  V-belt.  The  inlet  manifold  is  water- 
jacketed  to  improve  carburetion,  and  the  water  passage  in  the 
inlet  pipe  is  used  to  lead  water  to  the  cylinder  jackets.  The 
pump  draws  water  from  the  bottom  of  the  radiator  and  is  of 
the  open  rotor  type.  The  water  jackets  and  piping  are  of  large 
size,  and  in  event  of  failure  of  the  pump  to  work,  due  to  any 
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cause  the  water  could  circulate  by  the  thermo-syphon  or  natural 
system  and  still  keep  the  engine  at  a  safe  working  temperature. 

Radiator  Construction. — While  the  radiator  is  a  relatively  sim- 
ple member  in  operation,  it  is  rather  complicated  in  construction. 
The  tubes  through  which  the  water  passes  in  its  flow  from  the 
upper  to  the  lower  radiator  tanks  are  a  variety  of  sizes  and 


Fitted  Tube  7ypes 


Pig.  116. — Various  Types  of  Water  Cooling  Tubes  Used  in  Radiator 
Construction.  A,  B  and  C — Honeycomb  Sections.  D — Flat  Tubes 
with  Flanges.  E— Finned  Round  Tube  Types  Used  in  Truck  Ra- 
diator. 

shapes,  as  shown  at  Fig.  116.  The  honeycomb  system,  which  is 
depicted  at  A,  B  and  C,  uses  water  passages  of  relatively  small 
area  and  provides  rapid  cooling  due  to  the  efficient  transmission 
of  heat  from  the  thin  columns  of  water  to  the  large  surface  of 
the  metal  walls  surrounding  it.  In  order  to  be  successful  for 
motor  trucks  a  honeycomb  construction  must  be  more  substan- 
tially made  than  that  form  used  on  passenger  cars.    The  tonus 
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Fig.  H8. — Diagrams  Showing  Methods  of  Supporting  Radiators.  A — 
Radiators  Held  by  Trunnion  Bearings.  B — Radiator  Supported  by 
Pressed  Steel  Cross  Member  and  Held  by  Retention  Bolts  at  the 
Bottom.  C — White  Radiators  Suspended  by  Shock  Absorbing  Spring 
Support  Member. 
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of  tubes  shown  at  D  and  E  arc  very  satisfactory  for  motor  truck 
radiator  construction,  because  thev  do  not  call  for  the  multi- 
plicity  of  soldered  joints  found  in  the  cellular  or  honeycomb 
construction,  and  are  not  so  apt  to  leak  due  to  opening-  of  the 
joints  from  vibration.  In  all  cases  the  tubes  are  provided  with 
cooling  flanges  or  fins  to  assist  in  radiating  the  heat.  The  radi- 
ators used  on  light  trucks  and  "speed"  wagons  are  provided  with 
a  detachable  core  which  fits  into  a  removable  pressed  steel  casing 
having  a  shock-absorbing  base  pad  as  outlined  at  A,  Fig.  117. 


Fig.  119. — Removable  Sections  in  the  Dart  Truck  Radiators  Making 
Repairs  Easy.  Radiator  Shown  at  B  is  the  Type  Used  for  Inter- 
national Harvester  Motor  Trucks. 

On  the  heavier  trucks  the  radiator  construction  is  generally  as 
shown  at  B.  Cast  iron  or  aluminum  upper  and  lower  headers 
are  joined  together  by  a  substantial  frame  which  takes  all  of  the 
strain  off  the  tubes  which  extend  between  the  upper  and  lower 
water  compartments,  and  through  which  the  cooling  water  flows 
to  be  cooled.  The  upper  tank  usually  has  cooling  ribs  cast 
integrally  at  a  substantial  filler  opening.  Methods  of  supporting 
radiators  are  shown  at  Fig.  118. 

The  Dart  Motor  Truck  Co.  has  equipped  some  of  its  models 
with  a  distinctive  design  of  radiator  shown  at  Fig.  119,  A.  There 
are  cast  tanks  at  top  and  bottom,  the  top  tank  being  finned  to 
increase  radiation  and  equipped  with  a  unique  cap,  which  can- 
not be  lost.    The  core  is  composed  of  seven  separate  and  inde- 
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pendent  sections  held  in  the  casing  by  separate  clamps.  These 
cores  are  of  the  honeycomb  type,  four  inches  deep,  giving  large 
cooling  surface.  In  case  of  damage  by  accident  any  of  these 
sections  can  be  removed  by  loosening  two  bolts.  This  does  not 
disturb  the  other  sections,  as  each  section  has  separate  openings 


Fig.  120. — Simplicity  and  Strength  of  the  Packard  Motor  Truck  Power 
Plant  Cooling  System.  Diagram  Shows  Important  Elements  In- 
cluding the  Water  Pump  and  Thermostat. 


into  the  top  and  bottom  tanks  and  is  equipped  with  individual 
gaskets. 

Plugs  for  the  openings  in  the  top  and  bottom  tanks  and  extra 
gaskets  are  furnished  with  the  truck  and  are  carried  in  the  tool- 
box. Repairs  to  any  section  can  be  made  without  laying  up  the 
truck,  and  replacements  are  economical  because  only  the  sections 
damaged  need  be  purchased.  Both  sides  of  the  radiator  are 
connected  with  the  circulation  system,  giving  an  even  flow  of 
water.  The  total  capacity  of  the  radiator  is  approximately 
fifteen  gallons. 

The  radiator  construction  of  the  L  H.  C.  trucks,  which  is  placed 
at  the  rear  of  the  motor,  is  shown  at  Fig.  119,  B,  also  some  of 
the  short  hose  connections  needed  to  join  it  to  the  engine. 

Cooling  Fan  and  Pump. — Other  important  parts  of  the  cooling 
system  are  the  fan  and  the  pump.  The  centrifugal  pump,  such 
as  outlined  at  Fig.  121,  is  generally  employed.  This  consists  of  a 
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cast  bronze  paddle-wheel  or  rotor  member  which  revolves  in  a 
case  of  non-corrosive  material.  The  water  flows  to  the  center 
of  the  paddle-wheel  and  is  thrown  to  the  outer  circumference 
by  centrifugal  force  as  the  rotor  revolves.  An  outlet  pipe  on 
the  outer  periphery  of  the  pump  casing  carries  off  the  water 
from  the  interior. 

Cooling  fans  are  usually  of  the  construction  shown  at  Fig.  122. 
They  generally  consist  of  a  hub  member  revolving  on  anti- 
friction bearings  carrying  lugs  to  which  a  series  of  angularly 


Fig.  121. — Centrifugal  Water  Pump  of  International  Harvester  Trucks 
with  Cover  Removed  to  Show  Internal  Construction. 


disposed  fan  blades  are  riveted.  The  fan  assembly  is  strength- 
ened by  a  circular  rim  of  sheet  metal  attached  to  the  tips  of 
the  blades  and  is  driven  from  the  engine  crankshaft  by  means 
of  a  flat  leather  belt  or  one  of  V  section.  Arrangements  are 
always  provided  so  that  the  belt  tension  may  be  maintained 
at  the  proper  point  by  a  readily  accessible  adjustment. 

Motor-Meter. — All  Packard  D  model  trucks  are  equipped 
with  a  motor-meter  on  the  radiator  cap  to  show  the  temperature 
of  the  water  in  the  radiator.  The  motor  will  show  its  greatest 
efficiency  with  the  water  in  the  cooling  system  at  about  170 
degrees.     It  should  be  kept  as  nearly  to  this  point  under  all 
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atmospheric  conditions  as  is  possible.  Overheating  is  most 
generally  caused  by  running  with  too  rich  a  mixture  or  with 
the  spark  too  far  retarded,  carbon  in  the  cylinders,  a  loose  fan 
belt,  insufficient  lubrication,  improperly  timed  valves,  or  by  the 


Fig.  122.  Front  End  View  of  the  White  Model  G.  N.  Motor  Truck 

Engine  Showing  Cooling  Fan  and  Method  of  Driving  by  Flat  Belt. 

dogging  of  the  system  in  any  way  which  will  prevent  free  cir- 
culation of  the  water.  Under  this  condition  the  motor  will  knock 
easily  under  load  with  possible  damaging  results.  Failure  of 
the  water  to  reach  proper  temperature  after  motor  has  been  run- 
ning for  some  time  is  generally  caused  by  atmospheric  condi- 
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Fig.  123. — A  Solderless  Radiator  for  Motor  Trucks.  A — Showing  Blower 
Type  Air  Circulating  Fan.  B — The  Radiator  Tubes  and  Water 
Headers  Removed  from  Air  Casing. 
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tions,  resulting  in  improper  vaporization  of  the  gasoline  and  a 
consequent  lack  of  power.  In  cold  weather  the  necessary  heat 
for  proper  running  should  be  conserved  by  using  a  hood  or 
radiator  cover,  or  disconnecting  the  fan  belt,  if  necessary. 

Thermostat. — Packard  Model  E  trucks  are  equipped  with  a 
thermostat  located  at  the  forward  end  of  the  water  outlet  header 
on  the  top  of  the  cylinder  block,  by-passing  water  to  the  pump 
inlet  side  until  reaching  the  proper  temperature  to  permit  effi- 
cient running  of  motor,  as  shown  at  Fig.  120.  A  by-pass  tube 
connects  the  thermostat  housing  with  the  inlet  side  of  the  water 
pump.  Valves  controlling  the  entrances  to  the  radiator  and  the 
by-pass  tube  are  carried  on  a  shaft,  actuated  by  the  action  of 
the  thermostat  syphon.  Normally,  when  the  water  is  cold,  the 
radiator  valve  is  closed  and  the  by-pass  inlet  valve  open,  allow- 
ing the  water  to  circulate  through  the  cylinder  jackets  and  back 
to  the  pump  without  entering  the  radiator.  The  water  becoming 
heated  causes  the  syphon  to  expand  and  open  radiator  inlet  valve, 
at  the  same  time  closing  the  by-pass  valve,  making  it  necessary 
for  all  water  to  circulate  through  the  radiator.  When  inspection 
of  thermostat  is  necessary,  disconnect  the  rubber  hose  between 
radiator  and  cylinder  water  outlet.  Remove  the  nut  and  washer 
in  rear  of  the  thermostat  housing;  also  the  four  nuts  in  front 
of  the  housing.  Remove  the  thermostat  and  immerse  in  a  pail 
of  water  heated  to  a  temperature  of  130°  to  140°  F.  At  this 
temperature  the  syphon  should  expand  three-eighths  inch,  there- 
by opening  radiator  outlet  passage  and  closing  by-pass.  Model 
L)  trucks  are  not  equipped  with  thermostats. 

The  Rayfield  Thermostat. — Engine  efficiency  is  usually  highest 
with  reference  to  power  production  just  before  the  water  in  the 
cooling  system  boils.  If  it  is  maintained  at  this  point  the  heat 
is  effectively  diffused  and  there  should  be  good  fuel  and  lubri- 
cant economy. 

Starting  any  engine  depends  largely  upon  the  combustibility 
of  the  fuel.  If  the  gasoline  or  other  oil  will  volatilize  so  that  the 
cylinders  can  be  filled  with  a  gas  that  will  ignite,  the  charges 
will  burn  and  power  will  be  developed,  but  there  will  be  irregu- 
larity of  operation  until  the  water  of  the  cooling  system  is  heated. 
The  main  reason  why  engine  function  improves  as  it  is  oper- 
ated is  that  the  fuel  is  heated  and  becomes  more  and  more 
combustible  until  it  reaches  the  height  of  power  production  with 
the  carburetor  setting. 
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The  water  of  the  thermo-syphon  cooling  system  will  not  begin 
circulation  until  it  has  been  sufficiently  heated  to  have  move- 
ment by  gravity,  but  the  water  of  the  pump  or  circulating  cooling 
system  will  begin  to  circulate  as  quickly  as  the  engine  and  pump 
is  started.  Naturally  more  time  is  required  for  heating  the  water 
in  movement  than  when  it  circulates  by  gravity,  but  as  pump 
circulation  is  more  general  than  thermo-syphon  a  very  large 
number  of  the  cars  and  trucks  in  use  heat  slowly,  this  condition 
being  the  more  pronounced  with  the  fall  of  temperature. 

If  the  engine  is  cooled  by  water,  circulation  by  pumpage  and 
the  height  of  power  production  cannot  be  realized  until  the 


Fig.  123  A.— The  Rayficld  Thermostat  for  Use  in  Cooling  Systems 
Not  Already  Provided  With  a  Device  of  this  Nature. 

cylinder  jacket  is  to  a  temperature  of  at  least  180  degrees.  For 
engines  of  this  type  a  thermostatic  valve  has  been  made  by  the 
Beneke  &  Kropf  Manufacturing  Co.,  which  has  been  given  the 
trade  name  Rayfield.  The  object  of  the  valve  is  to  prevent  the 
circulation  of  water  in  the  cylinder  jacket  until  the  temperature 
is  from  155  to  160  degrees,  by-passing  the  water  forced  by  pump 
through  the  radiator.  As  the  valve  will  open  gradually  the 
movement  is  restricted  until  the  maximum  temperature  is 
reached,  when  the  circulation  is  full  and  the  cooling  is  in  ratio 
to  the  speed  of  the  engine  and  the  draft  of  air  through  the 
radiator.  Obviously  the  cooling  system  must  be  such  that  the 
engine  will  not  overheat  in  the  hottest  day  of  summer,  and  in 
at  least  reasonable  condition  tor  use. 

The  Rayfield  thermostat  is  extremely  compact  and  it  may 
be  installed  in  any  cooling  system  designed  for  pump  circulation. 
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It  is  placed  between  the  engine  and  the  radiator,  on  the  radiator 
intake  connection,  and  a  by-pass  hose  is  connected  from  the 
thermostat  to  the  radiator  outlet  between  the  pump  and  the 
cylinder  jacket.  The  thermostat  is  operated  by  the  variance 
of  temperature  on  an  expanding  one-piece  diaphragm.  The  valve 
mechanism  of  the  thermostat  is  such  that  when  the  engine  is 
started  the  water  is  not  forced  through  the  cylinder  jacket,  but 
bv-passes  through  the  outlet  manifold,  the  thermostat  and  the 
radiator  intake  and  radiator.  In  other  words,  the  circulation  is 
maintained  through  the  radiator,  but  not  through  the  cylinder 
jacket  until  the  water  in  the  jacket  is  heated  to  155  or  160 
degrees. 

At  this  temperature  the  diaphragm  of  the  thermostat  expands 
and  opens  the  valve,  so  that  the  water  passing  will  maintain 
the  minimum  temperature.  The  thermostat  is  constructed  of 
bronze  and  there  is  no  reason  for  deterioration,  so  that  normally 
it  ought  to  be  efficiently  serviceable  during  the  life  of  an  engine. 
A  safety  device  has  been  incorporated  in  the  construction,  so  that 
should  the  diaphragm  become  punctured  the  valve  will  open  and 
the  normal  circulation  will  continue.  Claim  is  made  that  the 
thermostat  when  installed  on  an  engine  will  economize  the  fuel, 
prevent  gasoline  leaking  to  the  crankcase  and  minimize  the 
accumulation  of  carbon  on  the  spark  plug  electrodes  and  the 
valves,  to  say  nothing  of  making  practical  development  of  greater 
power  of  the  engine. 

Lubricating  Truck  Engines. — It  is  important  to  reduce  friction 
at  the  various  bearing  surfaces  of  the  motor  truck  engine  in  order 
to  secure  continued  operation  without  rapid  depreciation  of  parts 
and  to  prevent  seizing  of  the  moving  members  due  to  excessive 
iriction  and  heat.  All  of  the  parts  of  an  engine  that  have  move- 
ment relative  to  the  others,  whether  the  speed  of  movement  is 
high  or  low,  or  of  a  reciprocating  or  continuous  rotary  nature 
or  whether  it  is  continuous  or  intermittent  in  action,  must  be 
provided  with  adequate  quantities  of  lubricating  oil  of  the  proper 
quality.  Motor  truck  engine  lubrication  systems  should  not 
unly  be  positive  in  action,  but  should  not  be  susceptible  to  . 
changes  in  weather  conditions.  The  lubricant  should  be  sup- 
plied in  an  automatic  manner,  as  the  oil  feed  should  start  as  soon 
a*  the  engine  begins  to  turn,  and  the  supply  should  be  stopped 
as  soon  as  the  engine  ceases  to  function.  Practically  all  systems 
of  motor  truck   lubrication  use  a  mechanically  operated  oil 
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pump  to  insure  continued  circulation  of  oil.  In  some  systems 
the  pump  supplies  the  lubricant  to  troughs  in  the  base  of  the 
engine  into  which  the  connecting  rod  big  ends  dip  as  they  rotate. 
A  constant  level  of  oil  is  maintained  in  these  troughs,  the  surplus 
draining  down  into  a  separate  chamber  under  the  crankshaft 


Fig.  124. — Longitudinal  Sectional  View  of  Motor  Truck  Engine  Showing 
Forced  Feed  Lubricating  System  Generally  Employed. 


called  the  sump,  which  cannot  be  reached  by  the  connecting  rod 
and  from  which  the  oil  is  drawn  by  the  pump. 

Another  system,  known  as  the  "dry  sump"  method,  does  not 
depend  on  the  big  ends  of  the  connecting  rods  dipping  into  oil- 
troughs.  The  oil  is  drawn  from  the  sump  about  as  fast  as  it 
collects  therein,  and  is  forced  to  the  various  bearing  points  under 
fairly  high  pressure.  Passages  are  machined  in  the  main  bear- 
.  ings  and  in  the  crankshaft,  and  surplus  oil  is  thrown  off  from 
the  revolving  crankpin  bearings  in  the  form  of  a  constant  spray 
which  tends  to  lubricate  all  of  the  interior  parts  of  the  engine. 
Owing  to  the  rapid  circulation  of  oil  it  may  be  used  over  and 
over  again  for  quite  a  period  of  time,  as  it  is  cooled  in  the 
engine  base  and  before  passing  into  the  pump  again,  and  from 
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that  point  to  the  bearings  it  is  filtered  by  a  screen  of  wire  gauze 
and  all  dirt  removed.  A  simple  gauge  on  the  side  of  the  engine 
crankcase  indicates  the  amount  carried  in  the  sump,  and  new  oil 
may  be  introduced  into  the  engine  interior  by  means  of  a  com- 
bined breather  pipe  and  engine  filler  opening  attached  to  the 
crankcase. 

The  Nash  Oiling  System. — The  lubricating  system  shown  at 
Figs.  124  and  125  is  the  pressure  type  (operating  at  a  maximum 
of  thirty-five  pounds)  operated  by  a  gear  oil  pump  drawing  oil 
from  reservoir  through  wire  screen  to  pump  through  a  vertical 
tube  to  horizontal  distributing  tube  inside  of  crankcase.  This 
tube  feeds  oil  to  ducts  running  to  crankshaft  bearings  and  cam- 
shaft bearings.  The  crankshaft  is  drilled  through  the  crank- 
shaft cheeks,  oil  being  forced  through  the  holes  to  the  connecting 
rod  bearing,  and  from  there  through  a  copper  tube  on  the  outside 
of  connecting  rod  to  the  wristpin  bearing.  The  oil  forced  out 
from  the  bearings  by  pressure  lubricates  cylinder  walls,  pistons 
and  valve  pushrods  and  falls  down  into  the  base  and  back  to 
the  oil  reservoir.  The  overflow  through  the  checkvalve  at  the 
front  of  engine  goes  to  the  timing  gear  housing,  and  from  there 
by  gravity  back  to  the  oil  reservoir  and  so  through  oil  screen 
to  pump. 

The  oil  is  drawn  from  the  crankcase  bottom  into  the  pump  at 
«>ne  end,  and  is  carried  around  between  the  teeth  of  both  gears, 
next  to  the  sides  of  the  pump  body  to  the  other  end  of  the 
pump  body.  The  oil  is  prevented  from  returning  by  the  teeth 
•  f  the  two  gears  meshing  together  (as  one  gear  drives  the  other). 
It  escapes  through  the  pump  outlet  passage  into  a  pipe  connec- 
tion with  a  main  oil  passage  in  the  crankcase. 

The  oil  pump  is  of  the  gear  type,  and  is  bolted  to  the  bottom 
••f  the  left  side  of  the  crankcase  oil  base.  It  is  driven  from  the 
camshaft  by  a  pair  of  spirals,  through  a  vertical  shaft  made  of 
cold-rolled  steel.  The  shaft  is  .625  inch  in  diameter  and  13.5625 
;nches  long.  It  revolves  in  a  cast  iron  guide  lined  with  a  die-cast 
white  metal  bushing.  The  bottom  of  the  shaft  is  flattened  and 
fits  into  the  upper  end  of  the  oil  pump  gearshaft.  The  upper  end 
"t  the  shaft  extends  through  the  top  of  the  crankcase  and  is 
notched  to  receive  the  driving  end  of  the  governor  flexible  shaft. 
Ihe  two  spur  gears  in  the  pump  are  of  hardened  steel — one  is 
forged  integral  with  the  pump  gear  shaft,  the  other  with  a  small 
shaft  on  which  it  runs  in  the  body  of  the  pump.    These  gears  •' 
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Fig.  125.— End  Sectional  View  of  Motor  Truck  Engine  Showing  Cored 
Passages  Through  Which  Lubricating  Oil  is  Forced  to  the  Bearing 


Points  by  Gear  Pump  Pressure. 

have  each  12  teeth  (12  pitch) — a  pitch  diameter  of  1  inch,  out- 
side diameter  1.166  inch  and  a  face  of  1.25  inch. 

Below  the  level  of  the  oil  pump  and  bolted  to  the  crankcase 
there  is  a  cast  iron  oil  pan  sediment  filter  over  the  top  of  which 
an  inverted  cylindrical  screen  is  placed.  The  oil  from  the  filter 
flows  into  the  pump,  thus  allowing-  sediment  to  settle  at  the 
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bottom.  A  0.5  inch  plug  is  provided  to  allow  the  sediment  to 
be  drained  off  periodically.  In  the  pressure  system  of  lubrication 
it  is  important  to  keep  the  bearings  tight  so  that  oil  passages 
will  not  leak  at  this  point.  Any  leakage  would  prevent  the  full 
quantity  of  oil  reaching  all  parts  of  the  system.  If  there  was 
marked  leakage  at  any  point — for  example,  at  the  middle  main 
bearing — the  other  main  bearings  might  be  starved  and  the 
cylinders  and  the  bearing  that  was  loose  would  receive  an  ex- 
cessive supply  of  oil.  The  oil  supply  and  pressure  are  regulated 
by  adding  or  removing  washers  under  the  oil  pressure  valve 
screw,  which  increases  or  decreases  the  spring  tension,  on  the 
ball  check  valve.  To  ascertain  if  the  oil  pump  is  working  on 
the  Nash  truck,  open  the  petcock,  which  is  on  the  right  side  of 
the  engine  near  the  flywheel. 

Mack  A.  C.  Lubricating  System. — The  lubricating  system  of 
the  Mack  A.  C.  truck  motor  is  shown  at  Fig.  126.  In  this  the  oil 
tank  is  cast  integrally  on  the  outside  of  the  cylinder  water  jacket 
It  heats  oil  in  cold  weather  and  helps  to  cool  it  in  warm  weather 
or  when  the  motor  is  working  very  hard.  Under  such  condi- 
tions the  oil  temperature  may  be  as  high  as  300°  F.,  and  the 
water  in  the  cylinder  jacket  never  exceeds  190°  F.  The  oil 
flows  from  the  tank  to  the  oil  pump,  which  circulates  it  through 
oil  branch  pipes  to  the  main  bearing.  An  oil  pressure  gauge  on 
the  dash  board  indicates  whether  or  not  the  oil  is  flowing  prop- 
erly. In  addition  to  the  positive  supply  to  the  main  bearing, 
oil  troughs  are  provided  into  which  the  big  end  of  the  connecting 
rod  dip,  to  secure  splash  lubrication.  Practically  all  pipes  in  the 
interior  of  the  crankcase  are  cast  integrally  with  the  motor 
casting.  An  overflow  pipe  leads  from  the  top  tank  to  the  timing 
gear  train,  so  that  the  tank  cannot  overflow. 

Plunger  Pump  for  Oil  Circulation. — While  most  of  the  lubri- 
cating systems  use  oil  supply  pumps  of  the  gear  type,  a  number 
of  engines  are  provided  with  plunger  pumps.  The  end  view  of 
the  engine  shown  at  Fig.  127  outlines  the  manner  of  installing 
a  simple  plunger  pump  so  that  it  will  work  from  an  eccentric 
on  the  camshaft.  A  spring  keeps  the  plunger  in  contact  with 
the  eccentric  and  provides  the  pressure  which  forces  the  piston 
or  pump  plunger  inward  on  its  suction  stroke.  When  the  plunger 
moves  in  the  ball  check  valve  at  the  bottom  it  is  lifted  up  and  oil 
is  drawn  from  the  sump  through  the  suction  pipe.  On  the  return 
stroke  of  the  pump  plunger  the  suction  check  valve  is  closed 
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Fig.  127. — End  Sectional  View  of  Motor  Truck  Power  Plant  Showing 
Parts  of  Lubricating  System  and  How  Oil  May  Be  Circulated  by  a 
Single  Plunger  Pump  Actuated  by  an  Eccentric  of  the  Camshaft. 


and  the  discharge  check  valve  at  the  top  of  the  pump  is  forced 
from  its  seat  and  the  oil  circulated  through  the  distributing 
system.  Owing  to  the  rapidity  of  movement  of  the  pump  plunger 
it  is  of  very  short  stroke. 

White  Oil  Pump  Action. — The  mechanical  oil  pump  action 
used  on  some  White  models  is  as  follows:  The  oil  pump  rockers 
are  mounted  in  the  oil  pump  cover  and  are  actuated  by  the  oil 
pump  crank.    On  the  oil  pump  crank  are  eccentrics  which  move 
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the  rockers  up  and  down.  The  rockers,  in  turn,  move  the  plun- 
gers. The  stroke  of  the  pump  plunger  is  varied  by  means  of 
adjusting  nuts,  which,  in  being  turned,  screw  in  and  out  a  stud 
connected  to  the  rocker.  As  the  rocker  end  is  moved  up  or 
down,  the  stroke  is  made  either  shorter  or  longer.  The  lubri- 
cating oil  tank  is  an  aluminum  casting  with  an  opening  in  the 


SECTION  THROUGH  REAR       OIL  RING 
BEARING  AND  CRANK  PIN 
SHOWING  OIL  PASSAGES 


Fig.  128.— Diagram  Outlining  Lubrication  System  of  Some  of  the  White 

Truck  Models. 

top,  in  which  is  inserted  a  strainer.  The  opening  is  covered  with 
a  hinged  cover.  At  the  bottom  of  the  tank  is  the  oil  reservoir 
screen  held  in  place  with  a  pipe  fitting.  The  oil  reservoir  is  held 
in  place  on  the  left  hand  side  of  the  dash  by  screws.  The  oiling 
system  is  shown  at  Fig.  128. 

The  oil  sight  feed  assembly  includes  the  three  inlet  and  the 
three  outlet  oil  sight  feed  elbows.  These  form  connections  from 
the  three  oil  leads  to  the  pump.   The  sight  feed  glasses  are  held 
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in  place  by  the  sight  feed  cap  and  valve  seats,  under  which 
there  is  a  gasket,  and  the  whole  retained  in  the  oil  sight  feed 
casting.  The  latter  is  held  in  place  by  screws  on  the  dash.  In 
the  operation  of  the  car,  filtered  oil  is  placed  in  the  oil  reservoir 
until  the  same  is  full.  The  course  of  the  oil  from  the  tank  is  as 
follows:  From  the  tank,  which  is  mounted  on  the  dash  under 
the  hood,  by  gravity  through  a  tube  to  the  pump  on  the  lower 
right  side  of  the  engine  crankcase,  thence  by  force  feed  through 
three  separate  pipes  to  the  sight  feed  indicators,  on  the  dash, 
thence  by  gravity  through  two  of  the  tubes  to  the  crankshaft 
collector  rings,  thence  through  oil  ways  in  the  crankshaft  to  the 
connecting  rod  bearings,  and  through  the  third  tube  to  the 
crankshaft  center  bearing.  The  surplus  and  thrown-off  oil  falls 
into  the  crankcase  basin. 

The  flow  of  oil  from  each  of  the  three  oil  plungers  through 
their  respective  sight  feeds  to  bearings  is  as  follows:  The  for- 
ward plunger  feeds  through  right  sight  feed  to  rear  collector 
ring  and  third  and  fourth  connecting  rod  bearings.  The  center 
plunger  feeds  through  the  center  sight  feed  to  center  bearing. 
The  rear  plunger  feeds  through  the  left  sight  feed  to  front  col- 
lector ring  and  first  and  second  connecting  rod  bearings.  The 
sight  feed  indicators  on  the  dash  show  the  driver  at  all  times 
the  amount  of  oil  which  is  being  fed. 

Wisconsin  Oiling  System. — A  combined  splash  and  force  feed 
oiling  system  is  used,  as  shown  clearly  at  Fig.  129.  A  gear 
pump  located  at  the  lowest  point  of  the  oil  reservoir  pumps  the 
"il  through  channels  into  the  upper  crankcase,  from  which  there 
are  leads  to  the  crankshaft,  which  is  drilled  hollow  in  order  to 
supply  the  oil  direct  under  pressure  to  the  main  bearings,  con- 
necting rods,  and  timing  gears.  As  the  crankshaft  revolves,  the 
•>il  will  gather  in  the  motor  pan,  which  is  provided  with  ribs, 
and  the  connecting  rods  will  dip  in  the  oil  and  splash  same 
around,  thereby  lubricating  the  pistons,  piston  pins,  cam  shafts 
and  valve  lifters.  The  surplus  oil  will  run  over  the  ribs  and  into 
the  motor  base  and  flow  back  to  the  reservoir,  which  is  already 
mentioned,  from  where  the  oil  is  again  pumped  back  into  the 
system  after  being  strained  through  the  oil  pump  screen. 

Every  2,000  miles  the  motor  should  be  cleaned,  drained,  and 
new,  fresh  oil  should  be  used  after  cleaning  and  draining  the 
motor  pan  and  oil  leads.  After  the  old  oil  is  drained  out,  pour  a 
gallon  of  kerosene  through  the  regular  combined  filler  and 
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breather  cap  located  at  the  front  exhaust  side ;  then  run  the 
motor  for  only  a  few  seconds,  drain  same  thoroughly,  and  refill 
with  six  quarts  of  fresh  oil  as  specified.  From  time  to  time  the 
oil  pump  should  be  removed  and  the  screen  should  be  cleaned. 
Make  sure  that  all  joints  and  pump  packings  are  tight,  and  that 
the  oil  pump  is  running  properly  after  replacing  same. 

This  system  used  is  the  most  positive  and  correct  lubricating 
system  for  any  motor,  as  proper  lubrication  is  insured  at  all  times 
under  all  possible  conditions.  .The  six  quarts  reserve  oil  are  car- 
ried at  the  bottom  of  the  crankcase,  which  has  a  float  level  con- 
nected with  a  gauge  on  the  exhaust  or  left-hand  side  of  the 
engine.  This  gauge  has  a  high  and  low  mark,  and  the  bobber 
should  never  register  below  the  low  mark,  but  is  supposed  to  be 
located  between  these  two  marks,  or,  better,  near  the  highest 
mark.  This  should  be  looked  after  every  day,  making  sure  that 
the  bobber  has  not  become  stuck,  but  is  floating  freely.  The 
drain  cocks  and  drain  plugs  should  be  inspected  from  time  to 
time,  as  they  may  open  and  become  loose  and  consequently 
would  drain  the  oil. 

Packard  Motor  Lubrication. — The  oil  is  drawn  through  a 
screen  from  the  crankcase  oil  reservoir  and  pumped  into  a  pipe 
running  to  the  oil  screen  and  relief  valve  above  the  gear  compart- 
ment, as  shown  at  Fig.  130.  The  main  outlet  of  this  valve  feeds 
4-. . 

through  a  lead  in  th6  crankcase  web  to  the  hollow  camshaft, 
which  acts  as  a  distributing  manifold.  The  camshaft  is  drilled 
at  each  bearing  in  line  with  oil  grooves  in  the  bearings,  which 
lead  through  the  crankcase  webs  to  oil  grooves  in  the  main 
crankshaft  bearings.  The  crankshaft  is  also  drilled  and  carries 
oil  from  the  main  bearings  to  the  lower  connecting  rod  bearings. 
All  bearings  referred  to  are  thus  constantly  flooded  with  oil 
under  pressure,  the  surplus  draining  back  to  the  crankcase  reser- 
voir. The  cylinder  walls  are  lubricated  with  oil  spray  thrown 
from  the  connecting  rod  bearings.  The  idler  gearshaft  is  lubri- 
cated by  force  feed  from  the  crankshaft  through  an  oil  lead 
encased  in  the  crankcase.  The  overflow  from  the  relief  valve 
Hows  down  and  lubricates  the  front  end  gears.  The  magneto 
and  water  pump  shafts  are  mounted  un  ball  bearings  which  are 
lubricated  by  spray  from  the  front  end  gears.  The  oil  is  strained 
More  it  enters  the  pump  and  again  is  strained  before  entering 
the  cams'  ft.  There  is  a  sediment  pocket  in  front  of  the  oil 
pump.    A  baffle  partition  is  located  in  the  bottom  of  the  crank- 
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case  to  prevent  surging  of  the  oil  in  the  oil  reservoir.  The 
clutch  shaft  forward  bearing  is  packed  in  graphite  grease. 

A  gear  pump  located  at  the  lowest  point  of  the  crankcase 
draws  oil  through  a  strainer  from  the  oil  reservoir,  circulating 
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Fig.  130. — End  Sectional  View  of  Packard  Motor  Truck  Engine  Showing 

Lubrication  System  Parts. 

it  through  the  main  feed  pipe,  oil  strainer  and  relief  valve,  to  an 
oil  duct  in  the  crankcase  leading  to  the  camshaft  which  acts  as 
an  old  manifold.  The  strainer  may  be  removed  from  the  oil 
pump  housing  without  removing  pump  assembly  by  taking  off 
the  four  nuts  which  hold  the  strainer  cap  in  place.    There  is  no 
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adjustment  to  the  oil  pump.  The  pressure  is  regulated  by  means 
of  the  relief  valve.  The  pump  is  operated  by  a  shaft,  driven  by 
helical  gears  on  the  camshaft.  The  pump  may  be  removed  for 
cleaning  or  inspection  by  removing  the  nuts  which  hold  it  to 
the  bottom  of  the  crankcase. 

There  is  a  strainer  in  the  bottom  of  the  crankcase  reservoir, 
as  outlined  at  Fig.  131,  which  covers  the  entrance  to  the  oil 


Fig.  131. — Wire  Screen  Oil  Filter  and  Gear  Pump  Used  on  Packard 

Engines. 


pump.  The  oil  is  thus  strained  before  it  enters  the  pump.  Be- 
fore it  enters  the  camshaft  for  distribution  the  oil  passes  through 
a  basket  strainer  in  the  relief  valve  housing  at  the  front  of  the 
motor.  If  the  oil  pressure  drops  below  normal  when  crankcase 
oil  supply  is  up  to  level,  drain  the  oil  from  the  crankcase  through 
the  crankcase  drain  plugs  and  remove  and  clean  both  strainers. 
The  oil  pump  strainer  may  be  removed  easily  by  removing  the 
nuts  from  the  four  studs  which  fasten  the  strainer  cap  to  the 
pump  body.  To  remove  relief  valve  strainer,  unscrew  the  cover 
and  lift  strainer  out.  There  is  a  gauge  on  the  dashboard  which 
*hows  the  oil  pressure.  On  a  new  or  overhauled  motor  the 
normal  running  pressure  is  4  to  6  pounds  at  1,075  r.p.m.,  maxi- 
mum speed,  controlled  by  the  governor  with  the  motor  warm. 
After  the  truck  has  been  run  about  750  miles  the  pressure  should 
be  set  to  three  pounds  with  the  motor  warm. 
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CHAPTER  V 

THE  MOTOR  TRUCK  ELECTRICAL  SYSTEM 

Chemical  Current  Producers— Wiring  Dry  Cells— Storage  Battery  Con- 
struction— Essential  Elements  of  Simple  Ignition  System — Non- 
Vibrator  Distributor  Systems — Delco  and  Remy  Distinctive  Ford 
System — Spark  Plug  Construction — Magneto  Construction — Mag- 
neto Ignition  Systems — The  Dixie  Magneto — Timing  Magneto  Ig- 
nition System — Impulse  Starters — Dual  Magneto  Systems — Duplex 
Systems — Self-Starters  for  Gasoline  Engines — Electric  Starting  Sys- 
tems— Starting  System  Parts — Motors  and  Dynamos — Governor 
Action — Function  of  Amperemeter. 

The  electrical  system  of  the  modern  motor  truck  may  be 
divided  into  three  distinct  groups,  each  for  a  specific  purpose. 
The  most  important  is  the  ignition  system  which  produces  the 
sparks  in  the  engine  cylinders  to  ignite  the  gasoline  vapor  and 
air  mixture  to  produce  power,  as  fully  explained  in  the  chapter 
on  engine  action.  This  includes  timing  devices,  current  pro- 
duction apparatus,  distributing  mechanism,  induction  coil,  wiring 
and  spark  plugs.  The  lighting  system  is  very  simple,  comprising 
lamps,  wiring  and  switches  necessary  for  their  control.  The 
same  battery  used  for  the  starting  system  is  used  to  supply 
lighting  current. 

The  electrical  starting  group,  if  electrical  energy  is  used  for 
that  purpose,  consists  of  a  high  capacity  storage  battery,  an 
electric  motor  to  turn  the  engine  over  in  lieu  of  the  hand  crank, 
a  current  generator  or  dynamo  driven  by  the  engine  to  keep 
the  battery  charged,  and  various  current  controlling  and  regu- 
lating devices  to  be  fully  described  in  connection  with  the  expo- 
sition on  starting  and  lighting  systems  at  the  close  of  this 
•  hapter. 

Chemical  Current  Producers. — A  simple  form  of  current  pro- 
ducer of  this  nature  is  depicted  in  section  at  Fig.  132,  A.  This 
is  known  as  a  dry  cell  and  consists  of  a  zinc  can  in  the  center 
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of  which  a  carbon  rod  is  placed.  The  .electrolyte  is  held  close 
to  the  zinc  or  negative  member  by  an  absorbent  lining  of  blot- 
ting paper,  and  the  carbon  rod  is  surrounded  by  some  depolar- 
izing material.  The  top  of  the  cell  is  sealed  with  pitch  to  prevent 
loss  of  depolarizer. 

The  depolarizer  is  needed  that  the  cell  may  continue  to  gen- 
erate current.  When  the  circuit  of  a  simple  cell  is  completed  the 
current  generation  is  brisker  than  after  the  cell  has  been  pro- 
ducing electricity  for  a  time.  While  the  cell  has  been  in  action 
the  positive  element  becomes  covered  with  bubbles  of  hydrogen 
gas,  which  is  a  poor  conductor  of  electricity  and  tends  to  de- 
crease the  current  output  of  the  cell.  To  prevent  these  bubbles 
from  interfering  with  current  generation  some  means  must  be 
provided  for  disposing  of  the  gas.  In  dry  cells  the  hydrogen 
gas  that  causes  polarization  is  combined  with  oxygen  gas  evolved 
by  the  depolarizing  medium,  and  the  combination  of  these  two 
gases  produces  water,  which  does  not  interfere  with  the  action 
of  the  cell.  Carbon  is  used  in  a  dry  cell  instead  of  copper, 
because  it  is  a  cheaper  material  and  the  electrolyte  is  a  mixture 
of  sal  ammoniac  and  chloride  of  zinc  which  is  held*  in  intimate 
contact  with  the  zinc  shell  which  forms  the  negative  element 
by  the  blotting-paper  lining. 

A  single  dry  cell  will  not  produce  sufficient  current  to  ignite 
the  charge  of  gas  in  the  engine  cylinder,  therefore  it  is  common 
practice  to  combine  two  or  more  cells  in  such  a  manner  that 
batteries  are  formed  which  will  give  more  current  than  a  single 
cell. 

Wiring  Dry  Cells. — If  one  dry  cell  will  produce  one  and  one- 
half  volts  and  six  volts  are  needed  to  produce  the  spark  in  the 
engine  cylinder,  the  current  value  of  one  dry  cell  is  augmented 
by  coupling  three  others  to  it  in  a  series  connection.  When 
cells  are  connected  in  series  it  is  the  unlike  elements  which  are 
joined  together.  For  example,  the  zinc  of  one  cell  should  be 
joined  with  the  carbon  of  the  adjacent  member  by  a  flexible 
conductor.  This  will  leave  the  carbon  of  one  end  cell  and  the 
zinc  of  the  other  end  cell  free  to  be  placed  into  the  circuit.  As 
dry  cells  become  exhausted  they  must  be  replaced  with  new 
ones  periodically.  A  storage  battery  can  be  charged  from  ex- 
ternal sources  and  maintained  in  good  condition  for  extended 
periods,  so  this  type  of  battery  is  usually  used  for  starting,  light- 
ing and  ignition  work  on  passenger  cars  and  trucks. 
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Storage  Battery  Construction. — When  storage  cells  are  to  be 
used  in  motor  truck  work  they  are  combined  in  a  single  contain- 
ing member,  as  shown  at  Fig.  132,  C,  which  is  a  part  sectional 
view  of  a  storage  battery  used  for  ignition  purposes.  The  main 
containing  member,  a  jar  of  hard  rubber,  is  divided  into  three 
parts.  Each  of  these  compartments  serves  to  hold  the  elements 
comprising  one  cell.  The  positive  and  negative  plates  are  spaced 
apart  by  wood  and  hard  rubber  separators  'which  prevent  short 
circuiting  between  the  plates.    After  the  elements  have  been 


Fig.  133.— Diagram  Showing  Method  of  Mounting  Storage  Battery  and 
Shock  Absorbing  Springs  So  It  Will  Not  Be  Damaged  by  Vibration 
of  Motor  Truck  Chassis. 


put  in  place  in  the  compartments  forming  the  individual  cells  of 
the  battery,  the  top  of  the  jar  is  sealed  by  pouring  a  compound 
of  pitch  and  rosin,  or  asphaltum,  over  plates  of  hard  rubber, 
which  keeps  the  sealing  material  from  running  into  the  cells 
and  on  the  plates.  Vents  are  provided  over  each  cell  through 
which  gases  produced  by  charging  or  discharging  are  allowed 
to  escape.  These  are  so  formed  that  while  free  passage  of  gas 
is  provided  for,  it  is  not  possible  for  the  electrolyte  to  splash 
•»ut  when  the  vehicle  is  in  motion. 

It  will  be  evident  that  this  method  of  sealing  would  not  be 
[Tactical  on  a  cell  where  the  members  attacked  by  the  acid  had 
to  be  replaced  from  time  to  time,  but  in  a  storage  battery  onlv 
the  electrolyte  need  be  renewed.    When  the  plates  are  (lis- 
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charged  they  are  regenerated  by  passing  a  current  of  electricity 
through  them.  New  electrolyte  can  be  easily  inserted  through 
caps  in  which  the  vents  are  screwed.  The  cells  of  which  a  stor- 
age battery  is  composed  are  joined  together  at  the  factory  with 
bars  of  lead  which  are  burned  in  place  and  only  two  free  ter- 
minals are  provided  by  which  the  battery  is  coupled  to  the  outer 
circuit. 

A  spring  battery  mounting  for  storage  battery  installation  on 
trucks,  whereby  shocks  to  the  battery  are  greatly  decreased, 
promoting  the  life  of  the  battery,  is  shown  at  Fig.  133.  Briefly, 
the  battery  rests  on  a  metal  tray  that  is  suspended  between  four 
coiled  steel  springs  that  are  bolted  to  the  truck  body,  or  running 
board.  These  frames  are  J^-inch  steel  wire  wound  to  1%0  inch 
diameter,  the  lower  one  being  2}4  inches  long  and  the  upper  one 
2  inches  long,  and  the  tension  on  them  may  be  adjusted  by  nuts 
at  the  top  of  the  supporting  bolts.  The  tray  is  malleable  iron 
and  the  battery  is  held  firmly  in  it  by  means  of  hold-downs 
clamped  in  the  battery  handle. 

Essential  Elements  of  Simple  Ignition  System. — The  current 
obtained  from  the  dry  or  storage  battery  or  low-tension  dynamo 
or  magneto  is  not  sufficiently  powerful  to  leap  the  gap  which 
exists  between  the  points  of  the  spark  plug  in  the  cylinder  unless 
it  is  transformed  to  a  current  having  a  higher  potential.  The  air 
gap  between  the  points  of  the  spark  plug  has  a  resistance  which 
requires  several  thousand  volts  pressure  to  overcome,  and  as  a 
battery  will  only  deliver  six  to  eight  volts,  it  will  be  evident 
that,  unless  the  current  value  is  increased,  it  could  not  produce 
a  spark  between  the  plug  electrodes. 

The  low  voltage  current  is  transformed  to  one  of  higher 
potential  by  means  of  a  device  known  as  the  induction  coil. 
The  current  from  the  battery  is  passed  through  the  primary  coil, 
which  is  composed  of  several  layers  of  coarse  wire  wound  around 
a  core  of  soft  iron  wire  to  form  an  electro-magnet.  Surrounding 
this  primary  coil  is  one  composed  of  a  large  number  of  turns 
of  finer  conductor.  When  a  current  of  electricity  of  low  voltage 
passes  through  the  primary  coil,  a  current  of  very  high  electro 
motive  force  is  produced  in  the  secondary  winding.  One  end 
of  each  coil  is  grounded.  The  free  end  of  the  primary  coil  is 
coupled  to  the  battery  while  that  of  the  secondary  coil  is  attached 
to  the  insulated  terminal  of  the  distributor  that  directs  the 
electric  current  to  the  spark  plugs. 
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Non-vibrator  Coil  and  Distributor  Systems. — Because  of  the 
almost  universal  employment  of  electricity  tor  lighting  and  start- 
ing systems,  the  battery  ignition  system  has  been  improved 




IGNITION  COIL 


Fig.  134. — Simplified  Wiring  Diagram  at  A  Shows  Parts  of  Dclco  Igni- 
tion System.  The  Complete  Wiring  Diagram  at  B  Shows  the  Delco 
Ignition  System  as  It  is  Actually  Applied  to  a  Four-Cylinder  Engine. 


materially  inasmuch  as  the  storage  battery  supplying  the  current 

• 

»s  now  constantly  charged  by  a  generator.  A  number  of  sys- 
tems has  been  devised,  these  operating  on  two  different  prin- 
ciplcs,  the  open  and  the  closed  circuit.    Several  typical  complete 
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electrical  systems,  including  ignition,  starting  and  lighting  cir- 
cuits, are  shown  in  connection  with  explanatory  matter  on  these 
systems.  The  storage  battery  is  kept  properly  charged  by  the 
motor-generator  unit. 

The  action  of  the  Delco  system,  shown  at  Fig.  134,  A  and  B, 
is  very  much  the  same  as  that  of  any  battery  non-vibrator  coil 
outfit.  The  simplified  diagram  shows  the  relation  of  the  coil, 
condenser,  primary  timer  and  secondary  distributor  head.  The 
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battery  is  not  shown  connected,  but  one  terminal  is  grounded, 
the  wire  from  the  other  passes  through  a  switch  and  to  the 
primary  lead  of  the  ignition  coil.  One  end  of  the  secondary  coil 
is  grounded,  the  other  secondary  lead  conducts  the  high-tension 
current  to  the  central  distributor  terminal.  The  other  distrib- 
utor terminals  are  connected  to  the  spark-plugs.  The  primary 
circuit  includes  the  coarse  wire  winding  of  the  ignition  coil,  the 
battery  and  the  timer  contacts.  The  condenser  is  in  shunt  and 
no  primary  current  can  pass  through  it. 

The  ignition  system  is  composed  of  a  combined  timer  and 
distributor,  as  shown  at  Fig.  135,  and  a  coil  for  delivering  a  high- 
tension  spark  to  the  distributor.  The  distributor  consists  of  a 
cap  or  head  of  insulating  material  carrying  a  high-tension  dis- 
tributing contact  in  the  center,  while  four  similar  collecting 
contacts  are  spaced  equi-distant  about  the  center  one,  when 
device  is  used  on  a  four-cylinder  motor.  A  rotor  member  directs 
the  current  from  the  center  contact  to  that  leading  to  the  plug 
in  the  cylinder  about  to  fire.  The  timer  portion  of  the  ignition 
unit  is  a  short  contact  platinum  point  form  having  a  cam  with 
as  many  points  as  there  are  cylinders  to  be  ignited  and  terminals 
on  the  distributor  head.  The  device  shown  is  for  six-cylinder 
engine  ignition,  so  the  cam  has  six  humps  on  its  periphery.  It 
sends  a  current  of  electricity  through  the  primary  winding  of 
the  induction  coil  each  time  that  a  spark  is  needed  in  the  engine. 
In  place  of  the  fuses  which  are  used  on  some  systems  a  protective 
circuit  breaker  is  attached  to  the  switch  panel  (see  Delco  Start- 
ing System)  which  gives  warning  of  a  short  circuit  by  rapidly 
vibrating  an  armature.  The  various  parts  of  the  system  and  all 
of  the  circuits  are  clearly  shown  in  the  diagram,  and  in  view  of 
what  has  been  previously  said,  no  difficulty  should  be  experi- 
enced in  tracing  the  various  wires. 

Battery  ignition  systems  are  becoming  so  popular  that  some 
•  »f  these  are  arranged  on  a  special  base  that  will  fit  the  standard 
>ize  platforms  used  for  holding  magnetos.  The  wiring  diagram 
•  of  a  Remy  conversion  set  of  this  type  and  the  appearance  of  the 
ignition  unit  which  includes  coil,  timer  and  driving  gears,  is 
shown  at  Fig.  136.  All  parts  are  clearly  designated,  and  the 
reader  should  have  no  difficulty  in  identifying  them. 

Distinctive  Ford  System. — The  Ford  car  has  a  magneto  sys- 
tem and  can  also  use  batteries.  The  timer  has  four  segments, 
a  separate  coil  being  provided  for  each  cylinder.    The  simpli- 
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tied  wiring  diagram  is  shown  at  Fig.  137,  the  systeni  as  applied 
to  the  engine  at  Fig.  138.  The  J^ord  is  the  only  engine  using  the 
system  of  ignition  shown  in  these  two  cuts. 

Spark  Plug  Construction— With  the  high-tension  system  of 
ignition  the  spark  is  produced  by  a  current  of  high-voltage  jump- 
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Fig.  137. — Unconventional  Transformer  Coil-Magneto  Ignition  System 

Used  on  Ford  Cars  in  Diagram  Form. 


Pif.  138. — The  Complete  Ford  Magneto  Ignition  System,  a  Distinctive 

Method  Found  Only  on  This  Car. 
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ing  between  two  points  which  break  the  complete  circuit,  which 
would  exist  otherwise  in  the  secondary  coil  and  its  external 
connections.  The  spark  plug  is  a  simple  device  which  consists 
of  two  terminal  electrodes  carried  in  a  suitable  shell  member, 
which  is  screwed  into  the  cylinder.  Typical  spark  plugs  are 
shown  in  section  at  Fig.  139  and  the  construction  can  be  easily 
understood.    The  secondary  wire  from  the  coil  is  attached  to  a 


Fig.  139. — Spark  Plug  Construction  Outlined.    A — Sectional  View  of 
Porcelain  Plug.    B — Part  Sectional  View  of  Mica  Plug. 

terminal  at  the  top  of  a  central  electrode  member,  which  is  sup- 
ported in  a  bushing  of  some  form  of  insulating  material.  The 
type  shown  at  A  employs  a  molded  porcelain  as  an  insulator, 
while  that  depicted  at  B  uses  a  bushing  of  mica.  The  insulating 
bushing  and  electrode  are  housed  in  a  steel  body,  which  is  pro- 
vided with  a  screw  thread  at  the  bottom,  by  which  it  is  screwed 
into  the  combustion  chamber. 

When  porcelain  is  used  as  an  insulating  material  it  is  kept 
from  direct  contact  with  the  metal  portion  by  some  form  of 
yielding  packing,  usually  asbestos.  This  is  necessary  because 
the  steel  and  porcelain  have  different  coefficients  of  expansion 
and  pome  flexibility  must  be  provided  at  the  joints  to  permit  the 
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materials  to  expand  differently  when  heated.  The  steel  body  of 
the  plug  which  is  screwed  into  the  cylinder  is  in  metallic  con- 
tact with  it  and  carries  sparking  points  which  form  one  of  the 
terminals  of  the  air  gap  over  which  the  spark  occurs.  The  cur- 
rent entering  at  the  top  of  the  plug  cannot  reach  the  ground, 
which  is  represented  by  the  metal  portion  of  the  engine,  until 
it  has  traversed  the  full  length  of  the  central  electrode  and  over- 


Fig.  140. — Showing  Method  of  Testing  Spark  Plug  and  How  Spark  Plug 

Looks  When  It  is  Dismantled. 


come  the  resistance  of  the  gap  between  it  and  the  terminal  point 
on  the  shell.  The  porcelain  bushing  is  firmly  seated  against  the 
asbestos  packing  by  means  of  a  brass  screw  gland  which  sets 
against  a  flange  formed  on  the  porcelain,  and  which  screws  into 
a  thread  at  the  upper  portion  of  the  plug  body. 

The  mica  plug  shown  at  B  is  somewhat  simpler  in  construc- 
tion than  that  shown  at  A.  The  mica  core  which  keeps  the  cen- 
tral electrode  separated  from  the  steel  body  is  composed  of  sev- 
eral layers  of  pure  sheet  mica  wound  around  the  steel  rod 

«  *  mm 

""tfitudinally,  and  hundreds  of  stamped  mica  washers  which  are 
forced  over  this  member  and  then  turned  down  smooth  in  a 
kthe.  Lava  and  glass  have  also  been  used  as  insulation,  but  the 
Porcelain  insulated  plug  is  the  most  popular. 
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The  parts  comprising  a  typical  spark  plug  are  shown  at  Fig. 
140,  A,  and  the  method  of  testing  a  plug  to  make  sure  a  spark 
jumps  between  the  points  as  the  engine  is  cranked  over  is  shown 
at  B. 

Magneto  Construction. — The  magneto  is  a  simple  form  of 
dynamo  and  a  mechanical  generator  of  electricity  in  which  per- 
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Fig.  141.— View  Showing  Internal  Construction  of  Bosch  D.  U.  4  Higb- 

Tension  Magneto. 
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manent  magnets  are  used  to  produce  the*  magnetic  field  and 
between  which  the  armature  revolves.  The  permanent  magnets 
are  called  "field  magnets"  and  at  their  ends  are  provided  cast- 
iron  shoes  which  form  the  walls  of  the  armature  tunnel  and 
which  are  known  as  pole  pieces.  A  typical  magneto  adapted  for 
four-cylinder  ignition  is  shown  in  section  at  Fig.  141.  It  con- 
sists of  two  compound  horseshoe  magnets  attached  to  the  pole 
pieces  which  collect  and  concentrate  the  magnetism  upon  the 
armature.  The  armature  is  shuttle-shaped  and  carries  a  double 
winding  of  wire  which  consists  of  two  coils,  one  of  coarse,  the 
other  of  fine  conductor.  The  armature  is  attached  to  end  pieces 
which  carry  shafts  and  the  whole  assembly  revolves  on  annular 
ball  bearings.  An  ebonite  or  hard  rubber  spool  is  carried  at  one 
end,  while  the  condenser  is  housed  at  the  other.  The  make-and- 
break  mechanism  is  partly  carried  by  an  oscillating  casing  and 
the  revolving  member  is  turned  from  the  armature  shaft. 

The  current  generated  in  the  coil  is  delivered  to  a  metal  ring 
on  the  ebonite  spool,  from  which  it  is  taken  by  a  carbon  brush 
and  delivered  to  the  distributor,  from  which  member  a  series  of 
contact  segments  lead  directly  to  the  spark  plugs.  Every  time 
the  contact  points  in  the  make-and-break  devices  become  sepa- 
rated, a  current  of  high  potential  passes  through  the  wires  at- 
tached to  the  spark  plug  and  produces  a  spark  between  the 
points.  The  magneto  is  the  simplest  and  most  practical  form 
of  ignition  appliance,  as  it  is  self-contained  and  includes  the 
current  generator  and  the  timing  device  in  one  unit. 

A  magneto  employed  for  multiple-cylinder  ignition  is  not 
much  more  complicated  than  that  used  for  single-cylinder  serv- 
ice, the  only  difference  being  that  a  different  form  of  cam  is 
provided  in  the  breaker  box  and  that  a  secondary  distributor  is 
added  to  commutate  the  current  to  the  plugs  in  the  various  cyl- 
inders. The  distributor  consists  of  a  block  of  insulating  ma- 
teria! fixed  to  the  magnets  which  carries  as  many  segments  as 
there  are  cylinders  to  be  fired.  A  central  distributing  arm  or 
segment  is  driven  from  the  armature  shaft  by  means  of  gearing, 
and  is  employed  to  distribute  the  high-tension  current  to  the 
*park  plug.  The  spacing  of  the  distributor  segments  does  not 
differ  materially  from  that  of  the  battery  timers.  If  the  dis- 
tributor is  used  on  a  four-cylinder  motor  the  segments  are  spaced 
(,0  degrees  apart.  To  fire  a  six-cylinder  motor,  six  segments 
must  be  used,  and  they  are  placed  60  degrees  apart.   The  speed 
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at  which  the  armature  of  the  magneto  turns  also  varies  with  the 
lumber  of  cylinders.  One-and-two  cylinder  forms  turn  at  cam- 
shaft speed.  The  four-cylinder  magneto  is  driven  at  crankshaft 
speed,  while  that  of  the  six-cylinder  forms  turn  at  1^  times 
crankshaft  speed. 

The  important  parts  of  a  four-cylinder  form  of  high-tension 
magneto  are  shown  at  Fig.  142,  which  is  a  view  of  a  partially 


Fig.  143.— Diagrams  Explaining  Action  of  Low-Tension  of  Transformer 
Coil  Magneto  System  at  A,  and  True  High-Tension  Magneto  System 
at  B. 


dismantled  device.  The  armature  assembly  and  one  of  the  end 
plates  by  which  it  is  supported  are  shown  at  the  extreme  left. 
\ttached  to  the  end  of  the  armature  shaft  are  the  distributor 
<!rive  pinion  and  the  ebonite  spool  which  carries  the  collector 
ring.  The  timer  case  and  interrupter  assembly  are  shown  at  the 
rxtreme  right.  Above  it  the  distributor  case  is  clearly  depicted. 
When  the  device  is  assembled  the  end  of  the  armature  shaft 
protrudes  through  the  housing  at  the  lower  part  of  the  magnet 
assembly,  which  is  shown  in  the  center  of  the  group,  with  the 
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end  plate  which  carries  the  distributor  gear  and  disc  and  one 
end  of  the  armature  in  place.  The  distributor  gear  serves  to 
drive  a  hard  rubber  plate  in  which  the  distributor  segment  is 
imbedded.  When  the  distributor  case  is  screwed  in  place,  the 
carbon  brushes,  which  are  spaced  around  the  interior  of  the  dis- 
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One  Revolution  of  Armature- 


Fig.  144. — Diagram  Explaining  How  Magneto  Current  Strength  Fluc- 
tuates with  Varying  Armature  Positions. 

tributor  case,  collect  current  from  the  revolving  distributor  seg- 
ment and  lead  it  to  the  spark  plugs  by  suitable  cables  which  run 
from  the  terminals  at  the  top  of  the  distributing  casing. 

Magneto  Ignition  Systems. — Two  systems  of  high-tension 
magneto  ignition  are  used,  one  termed  the  true  high-tension 
system,  in  which  a  current  of  high  potential  is  delivered  directly 
from  the  armature,  as  at  Fig.  143,  B  ;  the  other  is  the  transformer 
coil  system  and  is  shown  at  Fig.  143,  A,  so  termed  because  the 
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Pig.  145. — Simplified  Wiring  Diagram  Showing  Action  of  Bosch  High- 
Tension  Magneto. 


current  produced  by  the  armature  winding  is  of  low  tension  and 
must  be  stepped  up  or  increased  in  value  before  it  is  delivered  to 
the  spark  plug  by  an  induction  coil  similar  in  construction  to 
that  needed  in  battery-ignition  systems.  In  the  former  appa- 
ratus the  high-tension  current  is  produced  by  means  of  a  secon- 
dary winding  on  the  armature  itself,  and  as  the  whole  apparatus 
is  self-contained,  it  is  compact  and  simpler  to  install  than  those 
which  need  a  separate  transformer  coil. 
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The  simplified  wiring  system  of  a  true  high-tension  magneto 
is  shown  at  Fig.  145.  The  armature  carries  two  windings,  one 
indicated  by  the  heavier  lines  at  the  bottom  called  the  "pri- 
mary"; the  other,  composed  of  finer  conductor,  is  known  as  the 
"secondary."  One  end  of  the  primary  winding  is  grounded ;  the 
other  is  joined  to  the  fixed  contact  screw  on  the  contact  breaker. 
This  end  is  also  joined  to  one  end  ol  the  secondary  winding  and 
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Fig.  146. — Typical  Transformer  Coil  Magneto  System  for  Four-Cylinder 

Ignition. 

the  free  end  of  the  secondary  winding  is  attached  to  the  collector 
ring  carried  by  the  ebonite  spool.  When  the  contact  points  sep- 
arate, a  current  is  induced  in  the  primary  and  secondary  wind- 
ings and  is  delivered  to  the  center  terminal  of  the  distributor 
disc  by  the  carbon  brush  which  bears  against  the  collector  ring 
The  various  segments  of  the  distributor  are  connected  to  the 
spark  plugs  in  the  cylinders  and  the  current  is  delivered  to  the 
plug  about  to  fire  at  the  proper  time.  The  parts  of  a  typical 
transformer  coil-magneto  system  are  shown  at  Fig.  146. 
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The  Dixie  Magneto. — This  efficient  ignition  device  differs 
from  the  conventional  type  because  it  has  a  rotary  inductor  and 
a  stationary  winding.  This  inductor  member  consists  of  two 
revolving  wings  made  of  steel  and  separated  from  each  other  by 
a  bronze  centerpiece.    These  wings  are  attached  firmly  to  the 
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Fig.  147. — Parts  of  Dixie  Four-Cylinder  Magneto. 

shaft  and  revolve  with  it.  The  wings  are  plainly  shown  in  Fig. 
149. 

In  addition  to  the  main  rotating  member,  the  Dixie  magneto 
has  two  poles  of  soft  laminated  iron,  or  made  up  of  a  number  of 
sheets  of  iron.  These  poles  are  connected  by  a  piece  of  soft  iron 
upon  which  are  wound  the  two"  coils  of  wire.  The  lower  part  of 
the  poles  is  shaped  in  the  form  of  a  half  circle,  and  the  two  re- 
volving wings  as  they  turn  come  within  a  very  few  thousandths 
of  an  inch  of  these  poles.  The  ends  of  the  revolving  wings  just 
barely  clear  the  ends  of  the  permanent  magnets ;  that  is,  one 
revolving  wing  almost  touches  one  set  of  poles  of  the  permanent 
magnets,  while  the  opposite  wing  almost  touches  the  opposite 
poles  of  the  permanent  magnets. 
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Xow  let  us  see  how  current  is  generated  in  the  machine,  and 
how  the  rule  as  to  lines  of  force  works  out.  If  the  reader  will 
refer  to  Fig.  149,  he  will  notice  a  number  of  small  arrows  which 
indicate  the  direction  of  the  lines  of  magnetic  force.  The  ro- 
tating member  is  turned  so  that  one  of  the  revolving  wings  is 
just  beneath  the  laminated  iron  pole.  In  this  position  the  mag- 
netic lines  of  force  or  magnetism,  as  it  is  termed,  travels  from 
the  steel  magnet  through  one  of  the  wings  on  tne  rotating  mem- 


Fig.  148.— Longitudinal  Part  Sectional  View  of  the  Dixie  Magneto. 


ber  to  the  laminated  iron  pole,  through  the  pole,  through  the 
center  of  coil  to  the  other  pole,  thence  across  the  opposite  pole 
of  the  steel  magnet.  This  action  induces  a  current  in  the  wind- 
ings of  the  coil  and  so  generates  a  spark.  This  action  has  been 
explained  in  connection  with  the  action  of  the  conventional 
rotary  winding  type  magneto. 

As  the  rotating  member  is  turned  one-half  of  a  revolution,  the 
lines  of  force  travel  through  the  wings,  but  in  the  opposite  di- 
rection. This  action  can  be  seen  perhaps  more  clearly  by  ref- 
erence to  Fig.  149.  At  A  is  shown  an  end  view  of  the  machine. 
Bear  in  mind  that  the  revolving  wing  X  almost  touches  the 
north  pole  of  the  steel  magnets,  while  S  almost  touches  the  south 
poles  of  the  magnets.  There  is  quite  a  considerable  gap,  how- 
ever, between  the  revolving  wing  X  and  the  south  pole  of  the 
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steel  magnets.  In  this  case,  the  magnetic  lines  have  traveled 
from  the  north  pole  of  the  steel  magnets  to  the  center  of  the 
machine,  where  the  coil  and  iron  magnets  are  located.  The  small 
arrows  show  the  path  or  the  lines  of  force. 

You  will  note  that  in  this  case  the  magnetic  lines  pass  through 
the  coil  windings  on  No.  5  from  the  left  toward  the  right.  Now 
refer  to  C  in  the  same  figure.  The  rotating  member  has  traveled 
one-quarter  of  its  way  around.  The  lines  of  force,  instead  of 
traveling  through  the  soft  iron  magnet  on  the  left  side,  are  now 
diverted  to  the  right  hand  pole  No.  4.   Therefore  the  magnetic 
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Fig.  149.— Diagrams  Showing  How  the  Dixie  Rotary  Inductor  Magneto 

Operates. 
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lines  travel  through  the  core  from  the  right  to  the  left.  This 
change  in  the  direction  of  the  lines  therefore  occurs  twice  in 
every  revolution  of  the  revolving  member. 

There  is  another  peculiar  fact  about  magnetism.  A  piece  of 
steel  holds  magnetism  for  a  long  time,  and  when  it  is  magne- 
tized usually  we  term  it  a  permanent  magnet.  A  piece  of  soft 
iron,  on  the  other  hand,  loses  its  magnetism  very  quickly.  Obvi- 
ously, for  the  poles  No.  3  and  No.  4.  soft  iron  should  be  used. 
If  instead  of  using  a  solid  piece  of  soft  iron  a  number  of  thin 
sheets  are  used  the  magnetism  is  lost  more  quickly  even  than 


Fig.  150. — Diagram  Showing  Simple  Wiring  with  High -Tension  Magneto 

as  Used  for  Ignition. 


when  solid  iron  is  used.  For  that  reason  the  poles  and  the  center 
core  No.  5  are  made  up  of  many  sheets  of  soft  iron. 

In  order  to  assist  the  demagnetizing  of  the  center  core,  the 
machine  is  so  designated  that  the  rotating  wings  N  and  S  at  one 
period  of  their  rotation,  as  shown  at  B  in  Fig.  149,  short-circuit 
the  magnetic  lines.  The  slight  amount  of  magnetism  that  is  in 
the  soft  iron  poles  discharges  itself  through  the  rotating  wings. 
The  coil  of  wire  is  nothing  more  or  less  than  a  small  spark  coil. 
It  consists  of  a  number  of  turns  of  coarse  wire  as  a  primary  and 
a  large  number  of  turns  of  fine  wire  on  the  outside  as  a  secon- 
dary. One  end  of  the  fine  wire  is  grounded  to  the  base  of  the 
machine,  while  the  other  end  is  connected  with  the  center  of  the 
distributor.  From  this  point,  the  action  of  the  magneto  is  ex- 
actlv  the  same  as  the  conventional  type  as  regards  current  dis- 
tribution and  the  make-and-break  action  of  the  contact  breaker 
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interrupts  the  primary  circuit  to  secure  a  sharp  break  at  the 
time  of  greatest  flow  of  magnetic  flux  and  a  consequently  high 
stepping  up  of  the  current  value  due  to  inductive  effect  in  the 
transformer  coil. 

Timing  Magneto  Ignition  System. — An  ideal  method  of  mag- 
neto placing  and  one  followed  by  a  large  number  of  manufac- 
turers is  shown  at  Figs.  153  and  154.  In  these  the  device  is 
fitted  to  a  four-cylinder  engine,  and  as  the  armature  must  be 
driven  at  the  same  speed  as  the  crankshaft,  it  is  necessary  to 
use  but  one  extra  gear,  that  being  the  same  size  as  the  engine 
shaft  pinion  and  driven  by  the  camshaft  speed  reduction  gear. 
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Fig.  152.— End  View  of  Typical  Magneto  Showing  Method  of  Timing. 
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The  magneto  armature  is  turned  by  a  shaft  carrying  a  coupling 
that  extends  from  the  timing  gear  case.  The  sketch,  Fig.  155, 
illustrates  the  best  method  of  timing  the  magneto,  which  is  one 
of  the  direct  high-tension  type.  The  position  of  the  various 
parts  is  clearly  shown.  Having  fixed  the  magneto  to  the  engine 
crankcase,  the  driving  pinion,  or  one  of  the  members  of  a  flange 
or  Oldham  coupling,  is  put  loosely  on  the  tapered  end  of  the 


Pig.  153. — Side  View  of  White  Model  G.  N.  Motor  Showing  Location 
and  Method  of  Driving  Ignition  Magneto. 


armature  shaft,  and  the  cover  tu  the  distributor  and  the  dust 
cover  of  the  contact  breaker  are  removed  to  allow  one  to  con- 
trol the  position  of  the  armature.  The  motor  is  now  turned  over 
by  hand  so  the  piston  in  the  first  cylinder  is  at  top  center,  which 
can  be  determined  either  by  watching  the  crankshaft  through  a 
suitable  opening  in  the  engine  base,  by  reading  the  marks  on  the 
flywheel  rim,  or  by  inserting  a  wire  through  a  compression  relief 
petcock  or  spark  plug  hole,  if  either  of  these  is  at  the  top  of  the 
cylinder. 

The  armature  of  the  magneto  is  then  brought  to  the  position 
indicated  in  sketch,  which  represents  the  fitting  of  a  magneto 
that  is  turning  clockwise  when  viewed  from  the  driving,  end. 
The  distance  between  the  end  of  the  armature  and  the  pole  piece 
should  be  between  14  and  17  mm.  or  between  .5511  inch  and 
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.0692  inch.  (See  Fig.  145.)  This  represents  an  advance  of 
about  .5  inch  on  a  motor  with  a  five-inch  stroke.  A  graphic 
chart,  prepared  by  the  Bosch  Company  and  reproduced  at  Fig. 
156,  shows  the  relation  between  piston  travel  and  crankshaft 


Rod  To  Ca^f  Pistoa  TrtreJ. 


m  R£U£F  COCK 


CtMfTACT  BREAKER 


Fig.  155. — Simplified  Diagram  Explaining  Method  of  Timing  Magneto 

Ignition  System. 


movement  for  engines  of  different  strokes  very  clearly.  The 
armature  is  uncovered  by  removing  the  flat  casing  cover  lying 
between  the  horseshoe  magnets,  this  often  carrying  the  safety 
<park  gap,  and  normally  serving  as  a  lid.  If  earlier  timing  be 
desired  for  any  special  purpose,  the  gap  may  be  widened  a  trifle, 
if  it  be  thought  the  timing  is  too  far  advanced,  the  gap  may  be 
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g.  156.— Bosch  Chart  for  Determining  Advance  with  Various  Strokes. 

ssened.  The  contact  breaker  is  fully  advanced  at  this  time  and 
e  contact  points  are  just  about  to  separate.  Having  placed 
■erything1  in  position  as  described,  tighten  the  coupling  on  the 
per  shaft  of  the  armature  so  it  will  be  driven  positively. 
The  connections  to  the  various  cylinders  must  be  made  in  the 
der  they  fire.  When  the  cover  to  the  distributor  is  off,  see  at 
hich  segment  the  brush  is  contacting.  The  wire  to  the  spark 
ug  in  the  first  cylinder  is  then  led  to  the  terminal  correspond- 
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ing  to  this  segment.  Then  the  plug  in  the  cylinder  that  is  next 
to  fire  is  coupled  to  the  next  segment,  and  so  on.  The  numbers 
on  the  distributor  show  the  order  in  which  the  various  contacts 
are  brought  in  contact  with  the  rotating  distributing  brush,  and 
not  that  in  which  the  cylinders  fire.  In  the  sketch  the  cylinders 
fire  1-2-4-3.   Therefore,  the  segment  number  3  is  coupled  to  the 


Fig.  157. — Diagrams  Explaining  Action  of  Eisemann  Impulse  Starter. 


plug  in  cylinder  4,  and  the  segment  4  is  connected  to  the  plug 
in  cylinder  3,  which  is  thus  the  last  to  fire  if  the  explosion  takes 
place  first  in  cylinder  1.  The  direction  of  the  distributor  brush 
rotation,  if  driven  by  the  usual  form  of  gearing,  is  opposite  to 
that  of  the  magneto  armature.  Obviously,  if  one  cylinder  is 
timed  correctly,  the  remaining  members  will  also  fire  at  the 
proper  time  in  the  cycle  of  operations.  The  positions  of  the 
armature,  distributing  brush,  contact  breaker  cam  and  engine 
piston  art*  easily  ascertained  by  inspection  of  drawing. 
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Impulse  Starters. — Special  forms  of  couplings,  as  illustrated 
at  Fig.  157,  may  be  used  to  drive  the  magneto  armature.  This 
provides  a  hot  spark  even  when  cranking  slowly,  as  the  arma- 
ture speed  is  accelerated  by  a  spring  arrangement  so  the  speed 
approximates  that  obtained  when  the  engine  is  turning  over 
under  power.  The  device  illustrated  is  known  as  the  Eisemann 
impulse  starter  coupling.  This  may  be  attached  to  any  model 
of  Eisemann  magneto  and  is  said  to  have  no  effect  upon  its 
regular  operation  except  at  slow  speeds,  when  it  causes  the  arma- 
ture to  rotate  in  a  series  of  jumps  instead  of  at  a  uniform  speed. 


Fig.  158. — Wiring  Diagram  of  Bosch  Dual  Ignition  System. 


These  jumps  cause  the  armature  to  cut  the  lines  of  force  of  the 
magnets  quickly,  or  at  the  same  speed  that  it  does  when  the 
motor  is  revolving  swiftly,  so  that  a  hot  spark  is  generated. 
This  removes  any  necessity  for  auxiliary  battery  ignition  for 
starting  ou  heavy  duty  motors,  for  a  hot  fat  spark  is  generated 
at  any  speed,  regardless  of  how  slowly  the  crank  is  turned.  The 
coupling  consists  of  a  driving  tube  A  in  the  center  and  a  driven 
cup  B  enclosing  the  device,  the  two  being  connected  by  a  spring 
Within  the  driven  cup  is  a  loose  ring  C\  known  as  the  trigger, 
this  ring  having  a  lip  which  extends  through  a  slot  on  the 
periphery  of  the  cup.  At  the  bottom  of  the  coupling  is  a  notched 
bar,  so  positioned  that  as  the  cup  revolves  the  notch  registers 
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with  the  slot  in  the  cup,  so  that  the  trigger  lip  drops  down  by 
gravity  and  thus  locks  the  cup  against  rotation.  This  is  the 
|K»sition  shown  in  the  view  at  C.  On  the  outside  of  the  trigger 
ring  is  a  cam  which  engages  a  corresponding  cam  cut  in  the 
driving  tube.  When  the  lip  has  engaged  the  notched  bar  and 
the  cup  ceases  to  rotate,  the  driving  tube  continues  to  turn.  This 
turning  compresses  the  spring  which  is  seated  against  a  driving 
pin  on  the  tube  and  a  block  fixed  to  the  cup.  At  a  predetermined 
point  the  cam  on  the  trigger  ring  engages  that  on  the  tube,  and 
lifts  the  trigger  far  enough  for  the  lip  to  disengage  the  notched 
bar,  so  that  the  compression  of  the  spring  spins  the  cup  around 
in  a  clockwise  direction. 

The  magneto  armature  is  connected  with  the  cup,  and  so  as 
the  cup  spins  around  the  armature  is  given  a  quick  twist,  pro- 
ducing a  hot  spark.  At  slow  speed,  as  the  cup  revolves  it  is 
caught  again  and  again  by  the  trigger,  but  when  the  motor  fires, 
the  speed  is  so  increased  that  the  trigger  ring,  by  its  own  weight, 
becomes  a  ring  governor,  and  centrifugal  force  keeps  it  from 
dropping  down  the  slot.  In  this  state  the  coupling  acts  as  a 
dead  connection  between  the  drive  and  the  armature,  a  small 
lug  on  the  inside  of  the  trigger  ring,  at  the  point  where  the  lip 
juts  out,  engaging  a  notch  in  the  driving  tube,  and  this  provid- 
ing a  positive  drive  as  long  as  the  speed  is  maintained.  The 
device  includes  the  standard  Oldham  coupling  for  connection 
with  the  shaft,  as  shown  in  sectional  view  at  A. 

H  the  magneto  is  a  low  tension  form,  a  separate  transformer 
coil  is  needed  to  "step  up"  the  low  tension  armature  current  to 
wie  of  sufficient  voltage  to  jump  the  gap  at  the  spark  plugs. 
With  this  arrangement  a  battery  can  be  used  to  mak,  the  engine 
>tart  easier,  though  impulse  starters  now  developed  greatly  re- 
duce the  labor  involved  in  hand  cranking  large  truck  engines.  A 
typical  diagram  of  this  method  of  ignition  is  shown  at  Fig.  146. 

Dual  Magneto  Systems. — When  the  high-tension  magneto  was 
first  introduced  it  was  looked  upon  in  some  quarters  by  con- 
servative manufacturers  and  motorists  with  some  degree  of  sus- 
picion, as  its  reliability  had  not  been  thoroughly  established. 
Sometimes  difficulty  was  experienced  in  starting  a  large  engine 
Erectly  from  the  magneto  because  it  could  not  be  turned  over 
'ast  enough  with  the  hand  crank  to  turn  the  magneto  armature 
at  sufficient  speed  to  produce  a  strong  spark.  In  order  to  pro- 
vide an  emergency  system  of  ignition  and  one  that  could  be  used 
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for  starting,  the  makers  of  high-tension  magnetos  evolved  what 
are  termed  "dual  systems."  The  magneto  utilized  is  practically 
the  same  as  that  used  in  the  simply  high-tension  systems,  ex- 
cept that  the  contact  breaker  had  a  battery  timer  added  which 
was  used  to  interrupt  a  battery  current.  The  reason  for  adding 
the  battery  timer  and  not  using  the  magneto  contact  breaker 
was  that  a  short  contact  was  necessary  to  obtain  satisfactory 
operation  from  batteries,  which  the  regular  magneto  contact 
breaker  did  not  furnish.   As  the  writer  has  previously  explained, 


WIRING  CONDUIT 


Fig.  160. — How  High  Tension  Magneto  Wiring  is  Carried  by  an  Insu- 
lated Conduit. 

the  points  of  a  magneto  contact  breaker  are  kept  in  contact  until 
interrupted  by  the  cam.  If  these  were  used  on  a  battery  the 
current  would  be  flowing  through  them  all  the  time  they  were 
in  contact,  which  would  produce  current  waste.  With  the  bat- 
tery timer  incorporated  on  the  contact  breaker  the  circuit  is 
established  only  at  the  instant  the  spark  is  needed  in  the  cylinder. 

The  Bosch  Dual  System. — This  is  shown  at  Fig.  158,  has  six 
terminals  on  the  back  end  of  the  coil.  The  coil  is  attached  to 
the  dashboard,  as  indicated,  in  the  upper  right-hand  corner,  and 
carries  the  switch  and  the  starting  button  on  its  face.    The  coil 
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Fig.  161.— Diagram  Showing  Relation  of  Parts  of  Typical  Electric 
Starting  System.  That  at  the  Top  is  a  Three-Unit,  While  the  One 
Shown  Below  is  a  One-Unit  Form. 

is  of  the  vibrator  type.  The  terminals  are  all  numbered  and  the 
wiring  may  be  readily  traced,  as  the  points  to  which  they  con- 
nect on  the  magneto  are  numbered  to  correspond.    In  this  sys- 
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tem,  instead  of  using  the  usual  high-tension  pencil  connecting 
the  collector  brush  to  the  center  of  the  distributor,  the  high- 
tension  brush  terminal  3  is  joined  to  a  terminal  on  the  spark 
coil,  while  terminal  4  of  the  spark  coil  is  joined  to  the  central 
distributing  brush  4  of  the  magneto.  Terminal  6  of  the  coil  is 
grounded,  terminal  5  of  the  coil  runs  to  one  of  the  battery  ter- 
minals, the  other  one  being  grounded.  This  leaves  terminals  1 
and  2  on  the  coil,  No.  1  being  connected  to  a  terminal  at  the 
side  of  the  battery  contact  breaker,  while  terminal  No.  2  attaches 
to  a  terminal  on  the  side  of  the  magneto  contact  breaker.  With 
a  system  of  this  kind  it  is  possible  to  short  circuit  the  coil  by 
pressing  in  on  a  starting  button,  which  makes  the  vibrator  buzz 
even  if  the  primary  contact  breaker  on  the  magneto  is  not  making 
contact.  This  permits  of  starting  the  engine  directly  on  the 
spark  when  they  are  of  the  four-  or  six-cylinder  form,  providing 
they  have  not  been  stopped  long  enough  for  the  gas  to  leave  the 
cylinders. 

Duplex  System. — The  "duplex"  system  differs  from  the  "dual" 
system  in  the  method  of  action.  Instead  of  using  a  separate 
l>attery  timer,  as  shown  at  A,  Fig.  159,  and  an  induction  coil 
having  its  high  tension  of  secondary  lead  connected  to  the  cen- 
tral distributing  brush  of  the  distributor,  the  auxiliary  brush  A 
on  the  magneto  contact  breaker,  as  shown  at  B,  Fig.  159,  is  used, 
and  the  winding  on  the  magneto  armature  is  used  to  intensify 
the  current  from  the  batteries  in  connection  with  a  simple  form 
ot  dash  coil  having  only  a  primary  winding,  as  the  high  tension 
current  is  delivered  from  the  armature  winding  the  same  col- 
lecting brush  serves  to  conduct  the  secondary  current  to  the 
distributor  in  either  case,  regardless  of  the  source  of  primary 
current.  The  "duplex"  system  will  not  furnish  ignition  if  tin* 
armature  windings  are  defective,  while  the  "dual"  system  will. 
The  "dual"  system  is  also  more  economical  of  battery  current. 

Self-Starters  for  Gasoline  Engines. — One  of  the  disadvantages 
of  the  gasoline  engine  which  has  often  been  advanced  by  those 
favoring  steam  or  electric  power  is  that  it  is  difficult  to  start  it 
in  some  cases  and  various  means  were  devised  to  overcome  the 
objection  advanced.  The  early  gas  engines  fitted  with  poorly 
designed  carburetors  and  inadequate  ignition  systems  were  often 
difficult  to  set  in  motion,  but  as  the  gasoline  engine  was  im- 
proved and  the  multiple-cylinder  form  gained  in  favor,  those 
used  during  the  past  few  years  have  been  exceptionally  easy  to 
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start  by  sonic  form  of  starting  handle  or  crank,  and  often  a 
quarter  turn  of  that  member  is  sufficient  to  set  the  engine  in 
motion  it  it  was  in  proper  adjustment  and  the  various  auxiliary 
groups  were  functioning  properly.  At  the  present  time  the  im- 
provements made  in  the  gasoline  automobile  have  been  more  in 
the  nature  of  detailed  refinement  and  those  engaged  in  producing 
motor  cars  have  studied  more  carefully  the  various  points  which 
make  automobiles  more  convenient  and  more  easily  operated. 
The  requirements  of  the  present  day  cannot  be  met  solely  by 
easy  cranking,  because  this  feature  is  common  to  all  automobiles, 
from  the  smallest  runabout  to  the  heaviest  touring  car  or  truck. 

The  present  demand  on  the  part  of  passenger  car  owners  is 
for  engines  that  are  equipped  with  some  form  of  mechanism 
which  will  make  them  self-starting;  that  is,  so  that  they  may 
be  set  in  motion  by  merely  pressing  a  button  from  the  seat  and 
not  by  the  usual  form  of  hand  crank  at  the  front  of  the  engine. 
The  starting  handle  has  always  been  a  danger  point,  and  many 
broken  arms  and  fractured  wrists  have  resulted  from  a  prema- 
ture explosion  of  gas  in  the  cylinders  which  forced  the  starting 
handle  backward  and  against  the  arm  or  hand  of  the  person 
Parting  the  engine.  There  is  some  difference  of  opinion  on  the 
part  of  truck  designers  as  to  the  desirability  of  putting  a  self- 
starter  on  such  vehicles,  which  should  be  as  simple  as  possible 
to  secure  maximum  reliability  of  operation.  The  average  truck 
driver  or  his  assistant  must  be  an  able-bodied  man,  and  the  task 
"t  starting  a  truck  motor  is  not  difficult  for  a  person  of  average 
strength.  Most  truck  makers  at  this  time  are  not  fitting  electric 
darting  systems,  but  brief  mention  of  the  operating  principles 
is  desirable  in  the  event  of  a  demand  on  the  part  of  the  buying 
public  becoming  such  that  starters  must  be  applied  on  trucks  as 
well  as  on  passenger  cars. 

Electric  Starting  Systems. — Starters  utilizing  electric  motors 
to  turn  over  the  engine  are  now  considered  the  ideal  starting 
device.  The  capacity  is  very  high,  as  the  motor  may  draw  con 
'act  from  a  storage  battery  and  keep  the  engine  turning  over  for 
half  an  hour  on  a  charge.  The  objection  formerly  advanced 
gainst  their  use,  that  it  requires  considerable  complicated  and 
mostly  apparatus  which  is  difficult  to  understand  and  which  re- 
quires the  services  of  an  expert  electrician  to  repair  should  it 
W  out  of  order  is  no  longer  true,  because  the  development  has 
greatly  simplified  the  units  and  the  various  systems  are  now 
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well  understood  by  all.  Electric  starting  and  lighting  systems 
have  been  made  in  many  forms ;  though  the  basic  principles  of 
operation  are  practically  the  same  in  all  systems,  they  can  be 
grouped  in  several  main  classifications.  It  will  not  be  possible 
to  describe  all  in  a  general  treatise  of  this  nature,  but  if  the 
features  of  the  leading  systems  are  outlined  it  will  not  be  diffi- 
cult for  the  motorist  or  repairman  to  become  familiar  with  the 
principles  of  other  systems  which  may  be  different  only  in  points 


Fig.  163.— Wiring  Diagram  of  the  Auto-Lite  System  at  A.  B— Part  Sec- 
tional  View  of  Storage  Battery.  C — Automatic  Circuit  Breaker. 
D— Current  Generator.  E— Starting  Motor. 
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of  minor  detail.  Not  only  do  the  individual  systems  vary  in 
detail,  but  the  components  of  the  same  system  are  often  of  dif- 
ferent construction  when  used  on  cars  of  different  makes. 

The  standard  equipment  must  include  three  main  component 
parts ;  namely,  the  generator,  which  is  driven  by  the  engine  and 
which  produces  electric  current  to  keep  the  storage  battery 
charged,  and  the  starting  motor,  which  is  in  mechanical  con- 
nection with  the  engine  and  in  electrical  connection  with  the 
storage  battery  when  it  is  desired  to  turn  the  engine  ov  r  "re- 
starting. If  the  motor  and  generator  are  combined  in  one  m- 
>trument,  the  starting  system  is  known  as  the  "one-unit"  type. 
If  the  motor  is  one  appliance  and  the  generator  another,  the 
system  is  said  to  be  a  "two-unit"  type.  Each  of  these  has  ad- 
vantages, and  both  forms  have  demonstrated  that  they  are 
thoroughly  practical.  In  addition  to  the  three  main  items 
enumerated,  various  accessories,  such  as  switches,  ammeters, 
connectors,  wiring,  protective  circuit  breakers,  automatic  current 
regulators,  etc.,  are  necessary  for  the  convenient  distribution 
and  control  of  the  electric  current. 

The  arrangement  of  the  parts  of  a  typical  "one-unit"  system 
in  which  the  motor  generator  is  used  only  for  starting  and  light- 
ing is  shown  at  Fig.  161.  This  shows  the  location  of  the  various 
parts  in  their  relation  to  the  other  components  of  the  motor  car 
power  plant.  The  motor  generator  is  usually  mounted  at  the 
side  of  the  engine  and  is  driven  by  the  drive  shaft  when  used  as  a 
generator  and  serves  to  drive  the  engine  through  a  gear  on  the 
flywheel  when  it  is  used  as  a  motor.  The  ignition  current  is 
supplied  from  an  entirely  independent  source  not  shown — a  high- 
tension  magneto.  The  starting  switch  and  that  controlling  the 
lighting  system  are  nearly  always  placed  on  the  dash,  while  the 
tnra^e  battery  is  carried  under  the  floor  of  the  tonneau  in  a 
pleasure  car  or  on  the  running  board  of  the  heavier  vehicles.  It 
will  be  observed  that  the  armature  carries  two  commutators,  one 
"t  which  is  used  when  the  armature  is  driven  by  the  engine  and 
when  the  device  serves  as  a  current  generator,  the  other  being 
employed  when  the  operating  conditions  are  reversed  and  the 
electrical  machine  is  driven  as  a  motor  to  turn  over  the  engine 
frankshaft.  When  the  device  is  driven  as  a  generator  the  small 
hiding  pinion  on  the  short  end  of  the  shaft  is  out  of  engage- 
ment with  the  spur  gear  cut  on  Jhe  flywheel  exterior.  When  it 
lx  desired  to  start  the  engine,  the  spur  gear  is  meshed  with  the 
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member  cut  on  the  flywheel  and  the  current  from  the  storage 
battery  is  directed  to  the  windings  of  the  electric  machine,  which 
becomes  a  motor  and  which  turns  over  the  engine  crankshaft. 
When  the  device  is  working  as  a  generator  the  current  developed 
goes  to  the  storage  battery  and  from  that  member  to  the  various 
current-consuming  units. 

Sometimes  the  motor  and  generator  are  combined  in  one  cast- 
ing and  the  system  so  provided  is  erroneously  called  a  "one- 
unit"  system.  In  reality,  such  a  system  is  a  "two-unit"  system, 
because  the  electrical  machines  are  uni-functional,  instead  of 
performing  a  dual  function,  as  does  any  combined  motor  gen- 
erator. 

Two-Unit  System. — The  parts  of  a  two-unit  starting  and  light- 
ing system  are  shown  at  top  of  Fig.  161.  This  system  is  some- 
times called  a  "three-unit"  system  on  account  of  having  a  source 
of  independent  current  supply  for  ignition  purposes.  As  will  be 
observed,  the  generator  is  driven  from  the  motor  crankshaft  by 
silent  chain  connection,  one  of  the  terminals  passing  through  the 
cut-out  device  and  to  the  storage  battery,  the  other  terminal 
running  directly  to  the  storage  battery  terminal  having  a  short 
by-pass  or  shunt  wire  attached  to  the  cut-out.  All  the  time  that 
the  engine  is  running  the  generator  is  delivering  electricity  to 
the  storage  battery.  It  will  be  observed  that  the  storage  battery 
is  also  coupled  to  the  lighting  current  which  is  shown  at  the 
right  of  the  illustration  and  to  the  electric  starting  motor  as 
indicated.  One  of  the  storage  battery  terminals  is  joined  directly 
to  the  switch  terminal  by  a  suitable  conductor;  the  other  goes 
to  one  of  the  terminals  on  the  starting  motor,  while  the  remain- 
ing terminal  of  the  starting  motor  goes  to  the  switch.  In  this 
system,  when  the  small  sliding  pinion  is  meshed  with  the  fly- 
wheel gear  the  switch  is  thrown  on  simultaneously  and  the  cur- 
rent that  flows  from  the  storage  battery  through  the  windings 
of  the  starting  motor  rotates  the  engine  crankshaft  by  means  or 
a  reduction  gear  shown.  As  soon  as  the  engine  starts  the  foot 
is  released  and  a  spring  pulls  the  switch  out  of  contact  and  also 
disengages  the  sliding  pinion  from  the  flywheel  gear.  The  ac- 
tual application  to  a  gasoline  engine  fitted  with  a  starting  motor 
and  generator  in  one-unit  form  is  shown  at  Fig.  162.  It  will  be 
observed  that  the  starting  motor  is  mounted  at  the  back  end  of 
the  crankcase  in  such  a  position  that  the  sliding  pinion  may  be 
brought  into  engagement  with  the  flywheel  gear. 
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Electrical  starting  systems  may  be  operated  on  either  six, 
twelve  or  twenty-four-volt  current,  the  former  being  generally 
favored  because  the  six-volt  lamps  use  heavier  filaments  than 
those  of  high  voltage  and  are  not  likely  to  break  due  to  vibra- 
tion. It  is  also  easier  to  install  a  six-volt  battery,  as  this  is  the 
standard  voltage  that  has  been  used  for  many  years  for  ignition 
and  electric  lighting  purposes  before  the  starting  motors  were 
.pplied.  In  referring  to  a  system  as  a  "one-unit"  system  of 
lighting,  starting  and  ignition,  one  means  that  all  of  these  func- 
tions are  incorporated  in  one  device,  as  in  the  Delco  system 
shown  at  Fig.  162.  If  one  unit  is  used  for  generating  the  light- 
ing and  starting  current  and  also  is  reversible  to  act  as  a  motor, 
but  a  separate  ignition  means  is  provided,  such  as  a  high-ten- 
sion magneto,  the  system  is  called  a  "two-unit"  system.  The 
same  designation  applies  to  a  system  when  the  current  gener- 
ating and  ignition  functions  are  performed  by  one  appliance 
and  where  a  separate  starting  motor  is  used.  The  three-unit 
system  is  that  in  which  a  magneto  is  employed  for  ignition,  a 
generator  for  supplying  the  lighting  and  starting  current  and  a 
motor  for  turning  over  the  engine  crankshaft.  A  system  of  the 
three-unit  type  is  shown  at  Figs.  163  and  164. 

Starting  System  Parts. — The  generator,  as  will  be  apparent 
from  its  name,  is  utilized  for  producing  current.  This  is  usually 
a  miniature  dynamo  patterned  largely  after  those  that  have  re- 
ceived wide  application  for  generating  current  for  electric  light- 
ing of  our  homes  and  factories.  The  generators  of  the  different 
systems  vary  in  construction,  some  having  a  permanent  mag- 
netic field,  while  others  have  an  excited  field.  In  the  former  case 
'permanent  horseshoe  magnets  are  used  as  in  a  magneto.  In 
the  other  construction  the  field  magnets  as  well  as  the  armature 
ire  wound  with  coils  of  wire.  In  all  cases  the  dynamo  or  gen- 
erator should  be  mechanically  driven  from  the  engine  crank- 
shaft either  by  means  of  a  direct  drive,  by  silent  chain  or  through 
the  medium  of  the  timing  or  magneto  operating  gears.  All  the 
current  produced  by  the  generator  and  not  utilized  by  the  various 
current-consuming  units,  such  as  the  lamps,  ignition  system, 
!ectric  horn,  etc.,  is  accumulated  or  stored  in  the  storage  bat- 
tery and  kept  in  reserve  for  starting  or  lighting  when  the  engine 
^  not  running  or  for  lighting  and  ignition  when  the  car  is  being 
run  at  such  low  speed  that  the  generator  is  not  supplying  current. 
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Storage  batteries  used  in  starting  systems  must  be  of  special 
design  and  large  capacity  in  order  to  stand  the  high  discharge 
and  to  perform  efficiently  under  the  severe  vibration  and  oper- 
ating conditions  incidental  to  automobile  service.  The  storage 
battery  may  be  installed  on  the  running  board  of  the  truck, 
under  the  body,  or  under  the  seat,  the  location  depending  upon 
the  design  of  the  motor  and  the  degree  of  accessibility  desired. 
The  best  practice  is  to  set  the  storage  battery  in  a  substantial 
carrying  case  held  by  rigid  braces  attached  to  the  frame  side 


Pig.  165. — Starting  Motor  Showing  Application  of  the  Automatic  Pinion 
Shift  by  Which  the  Flywheel  Driving  Pinion  Engages  the  Large 
Gear  by  Motor  Armature  Shaft  Retention. 

and  cross  members.  The  battery  may  be  set  under  the  body 
floor  boards,  a  door  in  these  giving  ready  access  to  the  battery. 
The  starting  motor,  which  takes  the  place  of  the  common  hand 
crank,  is  operated  by  current  from  the  storage  battery,  and  the 
high  speed  armature  rotation  is  reduced  to  the  proper  cranking 
>peed  by  suitable  reduction  gears.  The  construction  of  the  start- 
ing motor  is  practically  the  same  as  that  of  the  dynamo,  and  it 
operates  on  the  same  principles,  except  that  one  instrument  is 
a  reversal  of  the  other. 

A  typical  starting  motor  of  modern  design  is  shown  at  Fig. 
165,  which  is  that  utilized  with  the  Delco  two-unit  system  ;  the 
*mall  pinion  on  the  armature  shaft  is  shifted  automatically. 
There  is  a  spiral  thread  cut  into  the  pinion,  and  as  soon  as  the 
armature  starts  turning  it  screws  the  pinion  into  engagement 
with  the  flywheel  gear.  As  soon  as  the  engine  starts,  the  pinion 
is  shifted  out  of  mesh  automatically.    This  is  a  very  popular 
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form  of  drive  and  is  found  on  a  large  number  of  automobile 
engine  starting  motors. 

The  dynamo  shown  at  Fig.  166  is  a  simple  form,  as  it  is  woun 
so  that  no  governor  is  necessary  and  the  windings  are  so  propor 
tioned  that  it  may  be  driven  at  high  speed  without  danger  an 
yet  deliver  a  current  of  electricity  at  comparatively  low  moto 

speed.    The  side  sectional  view  is  the  Delco  generator,  used  it» 

n 
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Fig.  166.— Current  Generator  of  the  Delco  Two-Cylinder  System. 

connection  with  the  latest  two-unit  system.  The  illustration  at 
Fig.  167  shows  the  arrangement  of  the  brushes,  particularly  the 
third  brush,  for  regulating  the  current  output.  This  differs  from 
the  ordinary  shunt  wound  generator  in  that  the  shunt  field  cur- 
rent, instead  of  being  taken  from  the  regular  brushes  of  the 
generator,  is  taken  from  an  auxiliary  or  regulating  brush  which 
bears  on  the  commutator  between  the  regular  brushes.  With 
this  method  of  regulation  a  strong  shunt  field  is  secured  at  low 
speeds  which  causes  the  generator  to  commence  charging  at  low 
speeds.  As  the  speed  increases,  the  amount  of  voltage  that  is 
applied  to  the  shunt  field  is  decreased,  although  the  total  voltage 
between  the  main  brushes  may  be  increased.  This  prevents  the 
output  of  the  generator  from  increasing  with  the  increased  speed, 
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and  at  the  higher  speeds  it  causes  the  output  of  the  generator 
o  be  decreased. 

In  order  to  secure  automatic  operation  of  a  lighting  and  start- 
lg  system,  several  mechanical  and  electrical  controls  are  needed, 
'iese  including  the  circuit  breaker,  the  governor,  which  may  be 
ither  mechanical  or  electrical,  and  the  operating  switches.  The 
ircuit  breaker  or  auto- 
natic  cut-out  is  a  device 

0  retain  current  in  the 
jtorage  battery  under 
juch  conditions  that  the 
lattery  current  is  strong- 
er than  that  delivered 
jom  the  generator.  If 
lo  circuit  breaker  was 
provided,  the  storage 
battery  could  discharge 
back  through  the  gener- 
ator winding.  The  cir- 
cuit breaker,  as  shown  at 
Fig.  163,  C,  is  usually 
operated  by  an  electro- 
magnet, and  may  be  lo- 
cated either  on  the  gen- 
erator itself  or  any  other 
convenient  place  on  the 
car.  though  in  most  cases 
the  circuit  breakers  are 
usually  mounted  on  the 
back  of  the  dashboard.  Fi*  167.—View  of  Commutator  End  of 
Tu  •    ,  .      ,     ,      .  Delco  Generator  Showing  Position  of 

1  his  device  is  absolutely        Third  Brugh  for  Current  Regu]atinK 

automatic  in  action  and  Purposes, 
requires  little  attention. 

Governor  Action. — The  governors  are  intended  to  prevent  ex- 
cessive output  of  current  from  the  generator  when  the  engine 
runs  at  extremely  high  speed.  Two  types  have  been  used,  one 
mrchanical,  operated  by  centrifugal  force,  and  the  other,  electri- 
cal. The  former,  which  is  now  seldom  used,  is  usually  a  friction, 
'lrive  mechanism  mounted  on  the  generator  shaft,  which  auto- 
matically limits  the  speed  of  the  dynamo  armature  to  a  definite, 
•redetermined  number  of  revolutions  per  minute.    The  maxi- 
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mum  current  output  is  thus  held  to  the  required  amount  inde- 
pendently of  the  speed  at  which  the  car  is  being  driven.  The 
use  of  this  device  minimizes  the  possibility  of  overheating  the 
generator  or  overcharging  the  battery  at  high  engine  speeds. 
The  electrical  system  of  governing  does  not  affect  the  speed  of 
the  armature,  but  controls  the  output  of  the  generator  by  means 
of  armature  reaction,  a  buckling  coil  or  a  revised  series  field 
winding.  The  governors  usually  permit  a  maximum  generator 
output  of  from  ten  to  twelve  amperes,  though  the  normal  charg- 
ing current  is  less  than  this  figure. 

I  Function  of  Amperemeter. — In  practically  all  systems  an  am- 
peremeter is  mounted  on  the  dash  so  it  can  be  readily  inspected 
by  the  driver,  this  indicating  at  all  times  the  amount  of  current 
being  produced  by  the  dynamo  or  drawn  from  the  battery.  If 
the  indicating  needle  of  the  amperemeter  points  to  the  left  of 
the  zero  point  on  the  scale  it  means  that  the  battery  is  furnish- 
ing current  to  the  lights  or  other  current-consuming  units  or 
discharging.  When  the  needle  points  to  the  other  side  of  the 
scale  it  means  that  the  generator  is  delivering  current  to  the  bat- 
tery which  is  charging  it ;  the  amount  of  charge  or  discharge  at 
any  time  can  be  read  from  the  scale  on  the  face  of  the  ampere- 
meter. Some  of  these  instruments  have  the  words  "charge" 
and  "discharge"  under  the  scale,  in  order  to  enable  the  operator 
to  read  the  instrument  correctly. 

Another  important  element  is  the  lighting  switch,  which  is 
usually  mounted  at  some  point  within  convenient  reach  of  the 
car  driver.  This  is  usually  placed  on  an  instrument  board  on 
the  back  of  the  cowl  in  connection  with  the  other  registering 
instruments.  As  ordinarily  constructed,  the  switches  are  made 
up  of  a  number  of  units,  as  the  wiring  is  such  that  the  head,  side 
and  tail  lamps  may  be  controlled  independently  of  each  other. 
For  simplicity  and  convenience  of  installation,  the  switch  is  usu- 
ally arranged  so  that  all  circuits  are  wired  to  parallel  connecting 
members  or  "busbars"  placed  on  the  back  of  the  switch,  as  shown 
at  Fig.  162.  As  but  little  current  passes  through  the  lighting 
switch,  the  contacts  are  not  as  heavy  in  construction  as  are  those 
of  the  starting  switch,  which  are  of  heavy  copper. 

Complete  instructions  for  care  and  repair  and  wiring  diagrams 
of  typical  motor  truck  electrical  systems  will  be  found  in  Chap- 
ter II. 
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CHAPTER  VI 

I 

MOTOR  TRUCK  CLUTCH  AND  GEARBOX 

Why  Clutch  is  Necessary — Clutch  Forms  and  Requirements — How  Fric- 
tion Clutches  Transmit  Power  —  Typical  Clutch  Types  — Why 
Change-Speed  Gearing  is  Necessary — Selective  Change  Speed  Gear- 
ing—The Dodge  Change  Speed  Gear — Combined  Jackshaft  and 
Gearbox — The  White  Clutch  and  Gearbox — Individual  Clutch  Trans- 
mission — Transmission  for  Four  Wheel  Drive — Planetary  Gearing 
of  Ford  Cars — Ten  Speed  Transmission — Shifting  Clutch  Transmis- 
sion. ' 

The  main  links  in  the  power  transmission  and  control  system 
between  the  engine  and  traction  wheel  driving  mechanism  are 
the  clutch  and  gearbox.  The  former  is  utilized  to  connect  the 
engine  power  delivered  at  the  flywheel  end  of  the  engine  crank- 
shaft to  the  change-speed  gears  or  to  disconnect  it  at  will.  The 
function  of  the  change-speed  gearing  and  its  operation  is  to  be 
fully  discussed  after  consideration  has  been  given  to  the  func- 
tion and  types  of  clutches  generally  used.  Clutches  and  gearsets 
of  modern  design  give  little  trouble  and  require  a  modicum  of 
care  if  properly  handled.  Defective  operation  can  usually  be 
traced  to  careless  driving  rather  than  to  defects  in  either  con- 
struction or  design. 

Why  Clutch  is  Necessary. — In  order  to  secure  a  better  under- 
handing  of  the  general  requirements  of  clutching  devices  it  will 
be  well  to  consider  the  conditions  which  make  their  use  mi- 
grative when  a  motor  car  is  propelled  by  a  hydrocarbon  motor. 
If  a  steam  engine  or  an  electric  motor  are  installed  as  prime 
nwvers  it  is  not  necessary  to  include  any  clutching  device  or 
:T*arset  between  them  and  the  driving  wheels,  and  these  mem- 
may  be  driven  directly  from  the  power  plant  if  desired. 
With  cither  of  the  forms  mentioned  the  power  is  obtained  from 

separate  source  which  may  be  uncoupled  from  the  motor  by: 
'He  simple  movement  of  a  throttle  valve  or  switch  lever.  Steam^ 
ind  electric  motors  are  also  capable  of  delivering  power  in  excess 


Digitized  by  Google 


288 


The  Motor  Truck 


of  their  rating  and  are  more  flexible  than  internal  combustion 
power  plants. 

If  steam  is  the  motive  agent,  it  is  generated  and  contained  in 
a  special  device  known  as  a  boiler,  and  the  amount  of  power  de- 
livered by  the  engine  to  which  the  boiler  is  connected  will  vary 
with  the  amount  of  steam  admitted  and  its  pressure.  If  the 
steam  supply  is  interrupted  entirely  the  engine  and  the  car  which 
it  drives  are  brought  to  a  stop.  When  it  is  desired  to  start  again 
a  simple  movement  of  the  throttle-valve  lever  will  permit  the 
steam  to  flow  from  the  boiler  to  the  engine  cylinders  again,  and 
the  vehicle  is  easily  set  in  motion.  If  it  is  desired  to  reverse  the 
car,  the  steam  flow  is  reversed  by  a  simple  mechanical  movement 
and  the  engine  will  run  in  the  opposite  direction  to  that  which  . 
obtains  when  the  car  is  driven  in  a  forward  direction. 

If  an  electric  motor  drives  a  vehicle  the  electrical  energy  is 
secured  from  a  group  of  storage  batteries.  When  these  are  fully 
charged  varying  amounts  of  electric  current  may  be  drawn  from 
them  and  allowed  to  flow  through  the  windings  of  the  field  or 
armature  of  the  motor  and  different  ratios  of  power  or  speed 
obtained.  The  vehicle  is  easily  started  by  completing  the  cir- 
cuit between  the  motor  and  the  source  of  current  and  stopped 
by  interrupting  the  supply  of  electrical  energy.  As  the  flow  of 
electricity  can  be  reversed  easily  by  a  switch,  the  car  may  be 
driven  backward  or  forward  at  will,  and  as  the  speed  may  be 
easily  varied  by  changing  the  value  of  the  current  strength,  there 
is  no  need  of  speed  changing  or  reversing  gears. 

When  a  gasoline. engine  is  fitted,  conditions  are  radically  dif- 
ferent than  with  either  a  steam  or  electric  power  plant.  The 
power  developed  depends  upon  the  number  of  explosions  per 
unit  time  and  the  energy  augments  directly  as  the  number  of 
explosions  and  revolutions  of  the  crankshaft  increase.  It  is  not 
possible  to  start  a  gasoline  engine  when  under  load  because  the 
power  is  obtained  by  the  combustion  of  fuel  directly  in  the  cyl- 
inders, and  as  there  is  no  external  source  of  power  to  draw  from, 
it  is  obvious  that  the  energy  derived  depends  upon  the  rapidity 
with  which  the  explosions  follow  each  other.  It  has  been  demon- 
strated that  a  certain  cycle  of  operation  is  necessary  to  secure 
gasoline-engine  action,  and  it  is  imperative  that  the  engine  re- 
volves freely  until  it  attains  sufficient  speed  to  supply  the  torque 
or  power  needed  to  overcome  the  resistance  that  tends  to  prevent 
.  motion  of  the  car  before  it  can  be  employed  in  driving  the  vehicle. 
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Then,  again,  it  is  very  desirable  that  the  vehicle  be  started  or 
stopped  independently  of  the  engine.  With  a  steam  or  electric 
motor  the  vehicle  may  be  started  just  as  soon  as  the  driving 
power  is  admitted  to  the  prime  mover,  but  with  a  gasoline  engine 
it  is  customary  to  interpose  some  device  between  the  engine  and 
driving  wheels  which  make  it  possible  to  couple  the  engine  to 
the  wheels  or  driving  gearing  and  disconnect  it  at  will.  The 
simplest  method  of  doing  this  is  by  means  of  some  form  of 
clutching  device  which  will  lock  the  driving  shaft  to  the  crank- 
shaft of  the  engine  when  desired,  yet  permit  instant  release. 

Clutch  Forms  and  Their  Requirements. — Clutch  forms  that 
have  been  applied  to  automobile  propulsion  are  usually  of  the 
t'rietional  type,  though  some  have  been  devised  which  depend 
upon  hydraulic,  pneumatic,  or  magnetic  energy.  Those  which 
utilize  the  driving  properties  of  frictional  adhesion  of  various 
materials  are  most  common  and  have  proven  to  be  the  most 
satisfactory  in  practical  application.  The  most  important  re- 
quirement in  considering  clutch  forms  is  that  such  devices  must 
be  capable  of  transmitting  the  maximum  power  of  the  engines 
to  which  they  are  fitted  without  any  power  loss  due  to  slipping. 
Such  a  clutch  must  be  easy  to  operate  and  but  minimum  exertion 
should  be  required  of  the  operator.  When  the  clutch  takes  hold, 
the  engine  power  should  be  transmitted  to  the  gearset  and  driv- 
ing means  in  a  gradual  and  uniform  manner,  or  the  resulting 
shock  may  seriously  injure  the  mechanism.  When  released  it 
is  imperative  that  the  two  portions  of  the  clutch  disengage  posi- 
tively so  that  there  will  be  no  continued  rotation  of  the  parts 
after  the  clutch  is  disengaged. 

The  design  should  be  carefully  considered  with  a  view  of  pro- 
viding as  much  friction  surface  as  possible  to  prevent  excessive 
slipping  and  loss  of  power.  It  is  very  desirable  to  have  a  clutch 
that  will  be  absolutely  silent  whether  engaged  or  disengaged. 
If  the  clutch  parts  are  located  in  an  accessible  manner  it  may  be 
easily  removed  for  inspection,  cleaning,  or  repairs.  It  is  desira- 
ble that  adjustment  be  provided  so  a  certain  amount  of  wear  can 
be  compensated  for  without  expensive  replacement.  A  simple, 
substantial  design  with  but  few  operating  parts  is  more  to  be 
desired  than  a  more  complex  device  which  may  have  a  few 
minor  advantages,  but  which  is  more  likely  to  cause  trouble. 

The  friction  clutch  in  its  various  efficient  types  is  the  one  that 
more  nearly  realizes  the  requirements  of  the  ideal  clutch.    As  a 
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result  this  form  is  now  universally  recognized  by  automobile 
designers,  and  all  standard  gasoline  automobiles  utilize  some 
form  of  friction  clutch.    These  devices  are  capable  of  transmit- 


Fig.  168.— Diagrams  Showing  Different  Clutch  Types.  A— Simple  Cone 
Clutch.  B— Multiple  Drive  Plate  Type.  C— Hele-Shaw  Multiple 
Disc  Type. 

ting  any  amount  of  power  if  properly  proportioned,  and  permit 
of  gradual  engagement  and  positive  disconnection.  Most  fric- 
tion clutches  are  simple  in  form,  easily' understood,  and  may  be 
kept  in  adjustment  and  repair  without  difficulty. 
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How  Friction  Clutches  Transmit  Power— To  illustrate  the 
transmission  of  power  by  the  frictional  adhesion  of  substances 
with  each  other  we  can  assume  a  simple  case  of  two  metal  discs 
or  plates  in  contact,  the  pressure  existing  between,  the  surfaces 
being  due  to  the  weight  of  one  member  bearing  upon  the  other. 
If  the  discs  are  not  too  heavy,  it  will  be  found  comparatively  easy 
to  turn  one  upon  the  other,  but  if  weights  are  added  to  the  upper 
member  a  more  decided  resistance  will  be  felt,  which  will  in- 
crease directly  as  the  weight  on  the  top  disc  and  consequently 
the  pressure  between  the  disc  increases.  It  may  be  possible  to 
add  enough  weight  so  it  will  be  practically  impossible  to  move 
one  plate  without  turning  the  other.  It  is  patent  that  if  one  of 
these  plates  was  mounted  rigidly  on  the  engine  shaft  and  one 
applied  to  the  transmission  shaft  so  that  it  had  a  certain  amount 
of  axial  freedom  and  pressure  of  contact  was  maintained  by  a 
spring  instead  of  weights,  a  combination  capable  of  transmitting 
power  would  be  obtained.  The  spring  pressure  applied  to  one 
<lisc  would  force  it  against  the  other,  and  one  shaft  could  not 
turn  without  producing  a  corresponding  movement  of  the  other. 

Types  of  Clutches. — Friction  clutches  are  made  in  a  great 
variety,  though  they  may  be  divided  in  three  main  classes.  The 
simplest  type  is  that  shown  at  A,  Fig.  168,  in  which  male  and 
female  clutch  members  of  the  conical  type  are  used.  The  fe- 
male cone  is  machined  into  the  flywheel  and  forms  the  driving 
member,  while  the  male  cone  is  a  separate  casting  faced  with 
iriction  fabric  such  as  leather  or  woven  asbestos  to  increase  the 
degree  of  frictional  adhesion  to  a  higher  value  than  would  obtain 
if  metal  to  metal  surfaces  were  employed,  and  also  it  secures 
gradual  engagement  and  a  more  uniform  application  of  the  driv- 
ing power.  The  cone  is  held  in  normal  engagement  with  the 
flywheel  by  a  scries  of  clutch  springs,  as  indicated.  Fight  spring 
pressed  plungers  are  employed  beneath  the  leather  facing  to  pre- 
vent the  entire  surface  of  the  cone  engaging  when  the  clutch  is 
tirst  thrown  into  contact.  An  advantage  in  the  use  of  friction 
facing  material  is  that  when  this  wears  it  may  be  easily  replaced 
>;nd  there  is  no  injury  to  the  more  expensive  parts. 

A  multiple  disc  clutch  is  outlined  at  Fig.  168,  B.  In  this  there 
are  two  sets  of  driving  plates,  one  being  carried  by  the  casing 
attached  to  the  flywheel  and  the  other  by  a  disc  carrier  member 
from  which  the  drive  is  transmitted  to  the  gearbox.  A  large 
coil  spring  keeps  the  discs  in  contact  when  it  is  desired  to  trans- 
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mit  power.  The  clutch  is  released  by  compressing  the  spring 
and  allowing  the  discs  to  separate.  One  set  of  discs  is  faced 
with  asbestos  friction  material ;  the  other  is  plain  metal  without 
friction  facing. 

The  important  parts  of  the  Packard  multiple  disc  dry  plate 
clutch  are  shown  at  Fig.  169.  The  clutch  assembly  carrier  is 
bolted  to  the  engine  flywheel,  and  as  it  is  now  current  practice 
in  dry  plate  clutches  the  discs  that  are  driven  by  the  clutch  case 


Clutch  Disc  Assembly 
fits  m  Clutch  Case 


Driving  Discs  ha/e  Key  ways  to 
engage  Keys  in  Clutch  Case 
\       Spring  Pressure  Plate  forces  Discs  together 
\\      \  Clutch  throwout 

Mutch  Brake 
\  Clutch  Shaft 


Drive 
Coupling 


'IThrusf 
"Thrust  Bearing 
^Clutch  Spring 
Driven  discs  have  Hey  ways  to 
engage  Keys  on  Clutch  Hub 
'Clutch  Disc  an  ve  Keys 
'Clutch  Case  Bolts  to  Engine  Flywheel 


Housing  for 
ClutchShaft 


Radial 
Bearing 


Fig.  169.— The  Packard  Motor  Truck  Clutch  is  a  Multiple  Drive  Plate 
Type,  as  Can  Ee  Clearly  Seen  from  Part  Sectional  View  Above. 

carries  a  friction  facing,  while  those  that  arc  mounted  on  and 
turned  with  the  inner  clutch  disc  carrier  are  stamped  metal 
plates.  The  friction  fabric  faced  discs  have  a  series  of  key  ways 
on  their  outer  periphery  which  engage  with  the  keys  in  the  clutch 
case.  The  other  set  of  discs  is  provided  with  a  series  of  keyways 
which  engage  with  keys  on  the  external  periphery  of  the  clutch 
disc  carrier.  Driving  friction  is  maintained  by  a  substantial  coil 
spring. 

Multiple  disc  clutches  are  made  in  two  main  forms,  the  one 
previously  described,  which  usually  operates  on  the  dry  plate 
principle,  and  the  form  shown  at  Fig.  168,  C,  in  which  the  discs 
revolve  in  an  oiltight  casing  and  in  which  none  of  the  discs  are 
faced  witli  friction  material.  The  Hele-Shaw  clutch  employs 
all-metal  discs  having  Y  grooves,  as  indicated,  to  give  more 
frictional  driving  surface,  but  otherwise  works  the  same  as  any 
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multiple  disc  clutch.  The  construction  of  the  Hele-Shaw  is 
clearly  shown  at  Fig.  170,  which  not  only  gives  sectional  views 
of  the  clutch  case  and  clutch  release  members  but  also  depicts 
the  appearance  of  the  clutch  assembly  and  shows  the  principal 
parts  of  the  clutch  when  that  unit  is  dismantled. 

Another  popular  form  of  clutch  is  the  three-plate  type.  That 
used  on  the  Mack  A.  C.  trucks  is  shown  in  section  at  Fig.  171, 
and  it  will  be  observed  that  it  is  very  simple  in  construction. 


Pig.  170— Sectional  View  of  Hele-Shaw  Clutch  at  A,  External  View  of 
the  Clutch  Unit  at  B,  and  How  Parts  of  the  Clutch  Look  When  It 
is  Dismantled  at  C. 


One  fact-  of  the  flywheel  acts  as  a  clutching  surface  and  a  float- 
<ng  disc  is  clamped  between  the  flywheel  and  a  spring  pressed 
;>Iate  also  driven  by  the  flywheel  so  that  it  transmits  the  engine 
power  to  the  shaft  leading  to  the  change  speed  gearing  to  which 
'i  is  keyed  and  with  which  it  must  turn.  The  coil  springs  used 
to  maintain  the  frictional  driving  pressure  are  short  and  are  set 
in  pockets  spaced  equidistant  around  the  clutch  cover  plate. 
The  clutch  is  released  by  a  series  of  simple  levers  which  make 
it  possible  to  overcome  the  high  spring  pressure  without  any 
great  exertion  on  the  driver's  part.  When  it  is  desired  to  re- 
lease the  clutch,  the  lever  actuating  sleeve  is  pushed  back  and 
the  levers  move  the  plate  against  which  the  clutch  springs  bear 
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so  that  the  driven  disc  is  no  longer  clamped  between  the  two 
driving  faces. 

Another  popular  form  of  three-plate  clutch  of  Borg  and  Beck- 
manufacture  is  shown  installed  in  connection  with  a  unit  power 


Fig.  171.— Single-Plate  Clutch  Used  with  Mack  A.  C.  Motor  Trucks. 


plant  at  Fig.  172.  In  this  design  the  driven  plate  is  clamped 
between  the  flywheel  face  and  a  floating  disc,  but  the  driving 
pressure  is  obtained  by  a  single  coil  spring  and  a  series  of  bell 
crank  levers. 

Why  Change-Speed  Gearing  is  Necessary. — Those  who  are 
familiar  with  steam  or  electricity  as  sources  of  power  for  motor 
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vehicles  may  not  understand  the  necessity  for  the  change-speed 
gearing  which  is  such  an  essential  component  of  the  automobile 
propelled  by  internal  combustion  motors.  In  explaining  the 
reason  for  the  use  of  the  clutch  it  has  been  demonstrated  that 
steam  or  electric  motors  were  very  flexible  and  that  their  speed 
and  consequently  the  power  derived  from  them  could  be  varied 
directly  by  regulating  the  amount  of  energy  supplied  from  the 
steam  boiler  or  the  electric  battery,  as  the  case  might  be. 

If,  for  example,  we  compare  the  steam  motor  with  the  ex- 
plosive engine  it  will  be  evident  that  the  power  is  produced  in 
the  former  by  the  pressure  of  steam  admitted  to  the  cylinders 
as  well  as  the  quantity  and  the  speed  of  rotation.  When  the 
engine  is  running  slowly  and  a  certain  amount  of  power  is  needed 
more  steam  can  be  supplied  the  cylinders  and  practically  the 
same  power  obtained  as  though  the  steam  pressure  was  reduced 
and  the  engine  speed  increased.  The  internal  combustion  motor 
is  flexible  to  a  certain  degree,  providing  that  it  is  operating  under 
conditions  which  are  favorable  to  accelerating  the  motor  speed 
by  admitting  more  gas  to  the  cylinders.  There  is  an  arbitrary 
limit,  however,  to  the  power  capacity  or  the  mean  effective  pres- 
sure of  the*explosion,  and  beyond  a  certain  point  it  is  not  possible 
to  increase  the  power  by  supplying  vapor  having  a  higher  pres- 
sure as  is  possible  with  a  steam  engine. 

In  an  explosive  motor  we  can  increase  the  power  after  the 
maximum  throttle  opening  has  been  reached  only  by  augment- 
ing the  number  of  revolutions.  Whereas,  it  is  possible  to  gear 
a  steam  engine  or  an  electric  motor  directly  to  the  driving  wheels, 
>t  is  not  possible  to  do  this  with  a  gasoline  engine,  and  some 
lorm  of  gearing  must  be  introduced  between  the  motor  and  the 
driving  wheels  in  order  that  the  speed  of  one  relative  to  the 
other  may  be  changed  as  desired  and  the  engine  crankshaft 
turned  at  speeds  best  adapted  to  produce  the  power  required, 
and  to  allow  the  rear  wheels  to  turn  at  speeds  dictated  by  the 
^ndition  of  the  roads  or  the  gradients  on  which  the  truck  is 
perated. 

It  is  customary  in  all  automobiles  of  the  gasoline-burning  type, 
*  here  combustion  takes  place  directly  in  the  cylinders,  to  inter- 
pose change-speed  gearing  which  will  give  two  or  more  ratios 

speed  between  the  engine  and  the  road  wheels.  As  it  is  not 
possible  to  reverse  the  automobile  engine  utilized  in  conven- 
tional cars,  it  is  necessary  to  add  a  set  of  gears  to  the  gearset  to 
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give  the  wheels  a  reverse  motion  when  it  is  desired  to  back  the 
conveyance. 

Many  methods  of  varying  the  ratio  of  speed  between  the  en- 
gine and  traction  members  have  been  evolved,  but  few  speed- 
changing  mechanisms  have  survived.    At  the  present  time  the 


Fig.  172 — Typical  Gearset  and  Clutch  Assembly  Showing  Borg  and  Beck 
Three-Plate  Clutch  and  Three  Sliding  Gear  Selective  Gearset 

majority  of  automobile  makers  employ  sliding  gear  transmis- 
sions which  arc  almost  invariably  of  the  selective  type.  But  one 
maker  provides  two  forward  speeds  and  a  reverse  motion  by 
using  planetary  gearing. 

Selective  Change-Speed  Gearing. — With  but  few  exceptions, 
practically  all  motor  trucks  are  equipped  with  change-speed 
gearing  in  which  sliding  gears  carried  on  a  main  shaft  are  moved 
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into  engagement  with  fixed  gears  on  a  countershaft  beneath  or 
at  the  side  of  the  main  shaft.  The  gearset  may  provide  either 
three  or  four  forward  speeds,  depending  upon  the  capacity  of 
the  truck  to  which  it  is  fitted.  The  heavier  trucks  have  four- 
speed  gearboxes,  while  practically  all  light  and  medium  capacity 
vehicles  are  equipped  with  three-speed  gearboxes.    There  are 


;  High  and  3rd  Speed  Shift  Rod 


Fig.  173.— Plan  View  of  Rikcr  Four-Speed  Gearset.    A  Good  Example 

of  Modern  Design. 

various  ways  of  installing  the  change-speed  gearing.  When  a 
unit  power  plant  is  used  it  forms  a  part  of  that  assembly  and  is 
bolted  to  the  engine  or  clutch  case.    In  trucks  of  long  wheel 

se,  the  change-speed  gearing  is  often  mounted  as  an  inde- 
pendent member  amidships. 

A  three-speed  gearbox,  designed  for  installation  with  a  unit 
power  plant,  is  shown  at  Fig.  172,  while  the  Riker  four-speed 
gearset.  which  is  a  good  example  of  modern  design  when  the 
j?earl>ox  is  mounted  independently  of  the  engine,  as  shown  at 
Fig.  173.  This  difference  in  construction  when  four-speed  gear- 
boxes are  used  is  also  depicted  at  Fig.  174.    That  at  A  is  in- 
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Fig.  174. — Types  of  Four-Speed  Selective  Gearsets.  A — Type  for  Inde- 
pendent Placing  in  Frame.  B — Combined  with  Multiple  Dry  Plate 
Clutch  for  Unit  Power  Plant. 


tended  for  independent  placing  in  the  frame,  while  that  at  B  has 
a  bell  housing  tor  bolting  to  the  engine  crankcase.  It  will  be 
apparent  that  practically  the  only  difference  in  construction  be- 
tween a  three-speed  and  a  four-speed  gearbox  is  in  the  number 
of  gears  used.   The  countershaft  of  the  latter  usually  carries  one 
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more  gear  than  the  three-speed  form,  while  one  of  the  shifting 
gear  members  carried  on  the  splined  main  shaft  is  a  double  gear. 

The  selective  system  is  the  best  form,  because  any  desired 
gear  ratio  may  be  obtained  without  moving  the  sliding  member 
through  other  gear  ratios,  with  the  exception  of  the  member 
serving  for  low  speed  and  reverse,  which  sometimes  must  be 
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Pig.  175.— The  Dodge  Bros.  Gearset  as  a  Unique  Feature  of  Having  an 
Idle  Countershaft  When  Direct  Drive  Gear  is  Engaged. 

moved  through  the  low  speed  position  before  it  can  engage  the 
reverse  gears.  In  most  gearboxes,  however,  a  separate  idler 
?ear  member  may  be  brought  into  engagement  to  secure  a  re- 
verse ratio.  In  practically  all  cases  the  shafts  of  the  change- 
"i'ctd  gearing  are  mounted  on*  anti-friction  bearings  of  the  ball 
"r  roller  type  in  order  to  serve  power.  The  shafts  and  gears 
are  made  of  high  tensile  strength  alloy  steel  and  are  kept  in 
njjid  alignment  by  substantial  gearboxes  of  aluminum,  bronze  or 
malleable  cast  iron.  In  trucks  where  weight  saving  is  not  of 
much  importance  as  in  passenger  cars,  a  considerably  wider 
use  t?  made  of  cast  iron  for  change-speed  gearcases.    In 'opera- 
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tion,  the  gears  revolve  in  a  constant  bath  of  semi-fluid  lubricant 
so  that  there  is  but  little  wear  if  the  gear  shifting  is  done  in- 
telligently. 

The  Dodge  Change-Speed  Gear. — The  sliding  gear  used  in  the 
Dodge  Brothers  commercial  cars  is  illustrated  at  Fig.  175,  and 
is  distinctive  in  design  because  when  the  direct  drive  clutch  is 


KEVBRSF.  SPEED 


Fig.  176. — Views  Detailing  Position  of  Gear  Shifting  Members  in  the 
Dodge  Bros.  Transmission  for  Different  Speed  Ratios. 

engaged  the  countershaft  does  not  revolve  as  it  does  in  the  con- 
ventional sliding  gear  form.  In  the  more  common  construction, 
it  will  be  observed  that  the  countershaft  is  driven  by  a  gear  that 
is  constantly  in  mesh  with  the  clutch  gear  carried  by  the  primary 
shaft  of  the  gearset.  It  is  apparent  that  no  matter  what  gear 
ratio  is  used  that  the  countershaft  and  the  gears  it  carries  must 
revolve  all  the  time  that  the  engine  is  driving  the  car  or  even 
when  the  gears  are  out  of  mesh  and  the  engine  running  with 
the  clutch  engaged.  In  the  Dodge  construction,  the  counter- 
shaft drive  gear  engages  with  a  sliding  member  which  is  moved 
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to  clutch  the  splined  shaft  when  it  is  desired  to  engage  the  di- 
rect drive.  Under  this  condition  it  must  leave  the  teeth  of  the 
countershaft  drive  gear  before  it  can  clutch  the  internal  teeth  of 
the  splined  shaft  drive  member.  The  position  of  the  different 
shift  members  when  various  gear  ratios  are  in  mesh  are  clearly 
shown  in  the  sectional  views  at  Fig.  176. 

Combined  Jackshaft  and  Gearbox. — When  the  transmission 
gear  is  used  in  a  chain  drive  truck  it  is  usually  incorporated  with 
the  countershaft,  as  shown  at  Fig.  177.  This  means  that  the 
gearbox  is  a  unit  with  the  primary  reduction  gears  and  that  it 
will  remain  in  positive  alignment  with  it.  The  differential  mech- 
anism is  always  carried  in  the  countershaft  housing  and  the 
drive  is  by  shafts  to  the  sprockets  at  the  outer  end,  from  which 
chains  run  to  larger  sprockets  attached  to  the  wheels.  The  rear 
axle  is  a  simple  steel  bar  or  forging  that  does  not  revolve  but 
which  carries  bearings  on  which  the  wheels  rotate.  A  typical 
change-speed  gearing  and  countershaft  assembly,  such  as  used 
on  the  Mack  A.  C.  truck,  is  shown  at  Fig.  178.  The  view  at  A 
shows  the  gearbox  assembly  complete  and  the  method  of  holding 
the  gearcase  halves  together  by  straps  having  retention  bolts  at 
the  ends.  The  interior  construction  and  arrangement  of  the 
gears  is  clearly  outlined  at  B,  which  shows  the  countershaft  as- 
sembly when  the  gearcase  cover  is  removed  to  expose  the  change- 
speed  differential  and  driving  gear  element's. 

The  White  Clutch  and  Gearbox. — The  four-speed  gearbox  of 
the  White  truck,  also  the  clutch  and  its  control  pedal,  are  shown 
at  Fig.  179.  The  clutch  is  a  three-plate  type,  the  driven  plate 
l»eing  clamped  between  the  flywheel  driving  face  and  a  movable 
member  having  one  flat  face  that  contacts  with  the  driven  plate 
and  a  beveled  face  against  which  the  spring  pressed  wedge  mem- 
bers bear.  A  threaded  ring,  which  also  has  a  beveled  face,  serves 
as  an  abutment  for  the  wedges.  This  can  be  adjusted  by  screw- 
ing in  to  compensate  for  depreciation  of  the  clutch  friction  facing 
material.  When  the  spring  is  compressed,  the  wedges  are  with- 
drawn from  between  the  bevel  faces,  and  the  friction  fabric  faced 
driven  plate  "floats"  between  the  clamping  plate  and  the  fly- 
wheel face,  thus  allowing  the  engine  to  turn  without  driving  the 
main  shaft  of  the  gearbox. 

The  power  from  the  clutch  is  delivered  to  the  transmission 
through  the  main  drive  gear  or  clutch  gear  shaft.  The  power 
transmitted  through  the  transmission  is  finally  delivered  to  the 
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rear  drive  system ;  that  is,  the  universal  joints,  propeller  shaft 
and  rear  axle,  through  the  main  drive  or  "splined"  shaft,  to  the 
rear  end  of  which  the  universal  joint  is  attached.  The  main 
drive  shaft,  the  clutch  shaft  and  the  countershaft  are  all  carried 


Fig.  179.— The  Clutch  Used  in  White  Motor  Trucks  Outlined  at  A.  B 
Shows  the  Clutch  Shift  Mechanism  Using  Ball  Bearings  for  Shift 
Rolls.  View  of  the  Gearbox  at  C  Clearly  Outlines  Arrangement 
of  Parts. 


upon  annular  ball  bearings.  The  reverse  idler  shaft  is  carried 
in  the  lower  half  of  the  transmission  case  and  is  stationary. 

The  entire  transmission  gearcase  is  made  up  in  four  units: 
The  upper  half,  which  supports  the  entire  case;  the  lower  half, 
which  is  bolted  to  the  upper  half;  the  cap,  which  holds  the  gear- 
shift lever  shaft  in  place  and  carries  the  gearshift  quadrant,  and 
the  transmission  cover  plate,  which  not  only  closes  the  opening 
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in  the  top  of  the  transmission  case,  upper  half,  but  also  carries 
the  tire  pump.  All  of  these  parts  of  the  transmission  case  are 
made  from  cast  iron. 

Operation  of  Transmission. — The  operation  of  the  transmis- 
sion cannot  be  clearly  understood  until  one  has  in  mind  the  lo- 
cation of  the  various  gears  and  their  names.  The  main  drive  or 
clutch  gear  is  located  in  the  front  end  of  the  transmission  and 
receives  the  power  direct  from  the  clutch  shaft.  It  drives  the 
countershaft  driven  or  back  gear,  with  which  it  is  constantly  in 
mesh,  hence  the  common  designation  of  these  two  gears  as  the 
"constant  mesh"  gears.  The  clutch  gear  is  sometimes  called  the 
"spigot"  gear,  because  the  front  end  of  the  splined  shaft  is  sup- 
Sorted  by  a  "spigot"  bearing  in  its  interior.  There  are  four 
^tars  on  the  countershaft  besides  the  constant  mesh  gear.  The 
largest  of  the  four  is  the  fourth  speed  drive  gear,  the  next  is  the 
second  speed  gear,  then  comes  the  low  speed  gear  and,  lastly, 
the  reverse  pinion.  There  are  two  sliding  members  on  the  main 
or  splined  shaft ;  one  of  these  is  a  single  small  gear  member  and 
is  used  for  the  direct  drive  connection  on  third  speed  and  for 
meshing  with  the  largest  gear  of  the  transmission  countershaft 
for  obtaining  the  geared-up  high  speed.  The  other  member  has 
two  gears  that  move  in  unison,  and  with  these  the  second,  low 
and  reverse  speeds  are  obtained. 

There  are  four  forward  speeds,  the  direct  drive  being  the  third 
speed,  the  fourth  or  highest  speed  is  "stepped  up"  .and  is  in- 
tended for  use  on  the  level  when  lightly  loaded  or  on  grades. 
The  various  gear  positions  to  obtain  the  changes  of  gear  ratio 
are  clearly  outlined  at  Fig.  180,  the  gear  through  which  the 
power  passes  being  indicated  by  arrows.  When  the  gears  are 
engaged  to  secure  the  highest  speed  ratio,  the  arrangement  of 
l'*rts  is  as  shown  at  D.  The  single  or  high-speed  sliding  gear 
s>  pushed  back  until  it  meshes  with  the  fourth  speed  gear  of  the 
countershaft.  The  drive  is  then  from  the  main  drive  gear  to 
the  countershaft  and  from  that  member  to  the  sliding  gear  mem- 
ber on  the  splined  shaft.  There  is  considerable  difference  in 
4J*e  between  these  members,  so  the  splined  shaft  turns  faster 
:tan  the  countershaft. 

On  the  direct  drive  or  third-speed  position  the  single  or  high- 

>cd  sliding  gear  is  moved  forward  until  the  teeth  on  its  face 
-flgage  with  the  projecting  teeth  on  the  clutch  gear,  this  locking 
tta  splined  shaft  to  the  clutch  shaft  and  permitting  the  trans- 
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mission  of  power  directly  from  the  clutch  to  the  rear  universal 
joint  without  passing  through  any  of  the  countershaft  gears. 

In  the  second  speed  position  the  double  sliding  gear  is  moved 
forward  from  the  neutral  position  until  the  front  gear  of  the 
pair  is  in  mesh  with  the  second  speed  gear  mounted  on  the  coun- 
tershaft. The  power  then  follows  the  course  of  the  arrows  as 
shown  at  C. 

The  double  gear  is  moved  to  the  rear  from  its  neutral  position 
in  order  to  engage  the  low-speed  countershaft  gear.  When  in 
this  position  the  power  is  transmitted  from  the  main  drive  or 
clutch  gear  to  the  countershaft  driven  or  back  gear,  through  the 
countershaft  to  the  low-speed  gear,  thence  through  the  larger 
of  the  double  gears  to  the  main  drive  or  "splined"  shaft,  and 
thence  to  the  rear  wheels. 

The  reverse  is  operated  by  means  of  a  double  shift  in  the  gear- 
box, although  it  merely  means  moving  the  gear  shift  lever  from 
low-speed  position  to  reverse  speed  position,  which  is  simply  a 
movement  of  the  lever  farther  forward  in  its  quadrant.  To  en- 
gage the  reverse  gear,  starting  from  neutral,  it  is  necessary  to 
tirst  pass  through  the  low  or  first-speed  position,  and  vice  versa. 
It  is  necessary  to  go  through  the  low-speed  gear  when  return- 
ing from  reverse  to  the  neutral  position. 

Starting  with  the  double  gear  in  the  low-speed  position,  it  is 
moved  farther  to  the  rear  to  engage  the  reverse  speed.  To  en- 
gage this  reverse  speed,  it  is  necessary  not  only  to  shift  the  double 
gear  to  the  rear,  out  of  mesh  with  the  low-speed  gear,  but  also 
to  slide  the  reverse  idler  gear,  mounted  upon  the  stationary  re- 
verse idler  gear  shaft,  to  the  rear.  The  latter  motion  is  accom- 
plished by  the  use  of  a  reverse  shifted  lever  carried  in  the  lower 
half  of  the  transmission  case  and  carried  upon  the  reverse  shifter 
lever  shaft,  which  is  fixed  in  the  case.  The  reverse  idler  gear 
is  drawn  out  of  mesh,  when  the  gears  are  returned  to  first  speed 
or  to  neutral,  by  means  of  a  spring  which  operates  on  the  reverse 
shifter  lever. 

When  the  power  is  transmitted  through  the  reverse  gears,  it 
•vill  be  from  the  clutch  or  main  drive  gear  to  the  countershaft 
driven  or  back  gear,  through  the  countershaft  to  the  counter- 
shaft reverse  gear,  thence  through  the  reverse  idler  gear  to  the 
'arger  double  gear.  From  these  it  is  transmitted  through  the 
raain  drive  or  "splined"  shaft  to  the  rear  wheels,  but  as  the  idler 
gear  has  been  introduced  into  the  system,  the  main  drive  shaft 
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will  now  rotate  in  the  opposite  direction  to  which  it  does  nor- 
mally, and  thus  give  the  reverse  speed. 

Individual  Clutch  Transmission. — A  form  of  gearset  which 
combines  the  good  features  of  the  planetary  type  in  that  the 
driving  gears  are  always  in  mesh  and  which  can  be  provided 
with  any  desired  number  of  speed  ratios  is  known  as  the  indi- 
vidual clutch  type.  In  gearsets  of  this  form  one  set  of  gears  is 
carried  by  the  countershaft  and  is  fixed  thereto,  while  another 


i- 
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Fig.  181.— Part  Sectional  View  of  Cotta  Individual  Clutch  Gearset 

Designed  for  Motor  Truck  Service. 


set  of  gears,  with  which  these  members  mesh,  revolve  idly  on 
the  main  driving  shaft. 

A  transmission  of  this  type,  which  has  been  applied  success- 
fully in  motor  truck  design,  is  shown  at  Fig.  181.  In  this  the 
power  is  delivered  to  a  main  shaft,  which  is  supported  on  ball 
bearings  and  which  carries  a  bevel  pinion  engaged  with  a  bevel 
gear  for  driving  the  wheels  at  the  rear  end.'  The  gears  mounted 
on  the  main  shaft  are  normally  free  to  revolve  independently 
from  the  shaft  unless  they  are  clutched  to  it  by  sliding  positive 
jaw  clutch  members  driven  by  the  main  shaft.  Any  desired 
speed  ratio  may  be  selected  by  engaging  the  gear  desired  by 
means  of  the  clutch  carried  at  its  side,  thus  causing  it  to  turn 
with  the  shaft. 

When  the  clutches  are  placed  as  shown  in  illustration,  the 
gears  are  neutral  and  the  driving  shaft  turns  without  producing 
movement  of  the  bevel  driving  gears.  If  it  is  desired  to  engage 
the  low  speed,  the  'low  and  reverse  clutch  member  is  moved 
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toward  the  front  end  of  the  gearset  until  it  clutches  the  low- 
speed  gear  to  the  main  shaft.  The  power  of  the  engine  is  then 
applied  to  the  countershaft  through  the  constant  mesh  gears,  at 
the  extreme  front  end  of  the  gearset,  and  as  the  main  shaft  is 
made  in  two  pieces,  the  end  of  one  member  telescoping  into  the 
portion  that  carries  the  driving  connection  to  the  engine,  the 
drive  is  back  from  the  countershaft  low-speed  pinion  to  the  big 
gear,  which  has  been  clutched  to  the  main  shaft  and  which 
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Fig.  182. — IndividuaV'Clutch  Transmission  of  English  Design  Using  Silent 
Chain  Connection  Between  Main  and  Countershafts  for  Forward 
Speeds  and  Sliding  Spur  Gears  for  Reverse  Action. 

S . 

causes  it  to  turn  slower  than  the  driving  member  attached  to 
the  engine.  *  ?' 

To  obtain  a  reverse  ratio  thfe  low  ami  reverse  clutch  is  moved 
to  the  back  end  of  the  transmission  ja,nd  the  reverse  gear  is 
l»>cked  to  the  main  shaft.  To  obtain  cfirect  forward  drive  the 
high  and  intermediate  clutch  member  is  pushed  forward  until 
it  engages  the  teeth  on  the  side  of  the  constant  mesh  gear.  This 
operation  locks  both  portions  of  the  main  shaft  together  and 
causes  that  part  to  which  the  bevel  driving  pinion  is  secured  to 
turn  at  the  same  speed  of  rotation  as  the  driving  end,  which  is 
joined  to  the  engine.  The  clutches  are  arranged  in  such  a  man- 
ner that  only  one  can  be  used  at  a  time,  and  in  addition  to  the 
I>ositive  clutches  carried  in  the  gear  case  some  form  of  master 
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Fig.  185. — Illustration  Showing  Appearance  of  Important  Components 
of  Transmission  Gearing  of  Four- Wheel  Drive  Truck  as  They  Ap- 
pear When  Removed  from  the  Gear  Case. 


clutch,  which  is  invariably  of  the  friction  type,  must  be  provided 
between  the  power  plant  and  the  gearset. 

There  is  some  tendency  to  apply  the  silent  chain  to  positive 
individual  clutch  types  of  transmissions  developed  for  bus  use 
in  England  instead  of  utilizing  direct  gear  connection.  The  ap- 
plication of  silent  chains  to  a  gearbox  is  shown  at  Fig.  182,  but 
this  method  of  construction  has  never  become  general. 
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Transmission  Gear  for  Four-Wheel  Drive— When  a  four- 
wheel  drive  system  is  employed  it  is  necessary  to  use  a  radically 
different  form  of  gearset  from  that  commonly  employed  in  cars 
where  a  single  drive  shaft  goes  to  a  rear  axle  to  which  the  trac- 
tive members  are  attached.  A  gearset  of  this  type  is  clearly 
outlined  at  Fig.  183,  and  its  actual  application  to  a  four-wheel 
drive  chassis  is  shown  at  Fig.  184.  The  change-speed  gearing  is 
of  the  individual  clutch  type  and  provides  three  forward  speeds 
and  a  reverse  ratio  by  means  of  sliding  jaw  clutches  which  lock 
pears  that  are  always  in  mesh  with  each  other  securely  to  the 
drive  shaft.  The  main  driving  shaft  is  extended  through  a  sup- 
plementary casing  attached  to  that  containing  change-speed 
mechanism.  A  silent  chain  serves  to  transmit  power  from  a 
suitable  sprocket  on  the  driving  shaft  to  another  member  placed 
on  the  driven  shaft  below  it.  This  driven  shaft  extends  through 
the  casing  at  both  ends  and  the  drive  to  the  front  and  rear  axles 
is  by  means  of  the  usual  propeller  shafts  and  universal  joints 
from  the  front  and  rear  ends  of  the  chain-reduction  case,  respec- 
tively. In  the  chassis  shown  at  Fig.  184,  the  axles  are  different. 
The  rear  axle  is  a  conventional  form  and  the  wheels  are  utilized 
for  tractive  purposes  only.  The  front  axle  is  a  special  construc- 
tion, in  which  the  wheels  are  driven  by  ball  and  socket  joints 
which  permit  of  their  inclination  to  steer  the  vehicle  without 
interfering  with  the  power-transmission  functions.  The  parts  of 
a  typical  positive  clutch  gearbox  are  shown  at  Fig.  185,  which 
shows  an  assembly  dismantled.  The  position  of  clutches  for 
different  gear  ratios  are  clearly  shown  at  Fig.  186. 

Gear  Reductions  and  Engine-to-Wheel  Ratios. — Since  the 
transmission  is  a  means  of  changing  driving  wheel  tractive  ef- 
fort, the  gears  acting  as  levers,  the  leverage  is  in  proportion  to 
the  tooth  ratios  of  any  pair.  Thus,  if  one  gear  has  20  teeth  and 
the  one  driving  it  five  teeth  the  ratio  is  20  ~-  5,  or  4  to  1.  In  one 
typical  transmission  the  ratios  are  as  follows: 


However,  in  the  drive  from  the  transmission  to  the  wheels 
there  is  further  reduction,  the  first  one  by  the  bevel  gears  in 


First  speed  . 
Second  speed 
Third  speed 
Fourth  speed 
Reverse  .... 


6.10  to  1 

3.55  to  1 

2.02  to  1 

1.22  to  1 

6.46  to  1 
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Fig.  187.— The  Ford  Planetary  Transmission  Shown  at  A  and  the  Method 
of  Installation  in  the  Power  Unit  Outlined  at  B. 


the  axles,  which  is  27  to  15  or  1.8  to  1,  and  the  second  by  the 
internal  gear  and  pinion  in  the  wheel  drum.  This  is  54  to  14, 
or  3.86  to  1,  making  a  total  reduction  in  the  axle  of  1.8  by  3.86, 
or  6.95  to  1.  In  order  to  obtain  the  actual  ratio  of  engine  revo- 
lutions to  wheel  revolutions  in  the  various  speeds  the  factor  6.95 
must  be  used  in  every  case.  Thus,  when  in  first  speed  the  total 
reduction,  or  ratio  of  engine  revolutions  to  wheel  revolutions,  is 
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6.1  times  6.95,  or  42.3  to  I.  In  second  speed  the  total  reduction 
is  3.55  times  6.95,  or  247  to  1.    In  third  the  total  reduction  is 

2.02  times  6.95,  or  14.04  to  1.    In  fourth  speed  the  total  reduction 


Pig.  188. — Two-Speed  and  Reverse  Planetary  Gear  Employed  on  Ford 

Automobiles  as  It  Looks  in  Plan  View. 


is  1.22  times  6.95,  or  8.48  to  1,  and  in  reverse  6.46  times  6.95,  or 
44.9  to  1. 

Planetary  Gearing  of  Ford  Cars. — Planetary  gearing  has  been 
very  successful  when  properly  designed  and  installed,  and  its 
chief  disadvantage  is  that  it  is  very  difficult  to  provide  more  than 
two  forward  speeds  and  one  reverse.  For  this  reason  it  can  only 
be  adapted  to  light  cars  which  have  a  surplus  of  power  in  the 
engine,  or  to  light  trucks,  where  it  is  not  so  essential  that  a 
large  number  of  speed  ratios  be  provided  as  in  heavier  vehicles. 
Such  gearing  is  not  efficient  on  low  and  reverse  speeds,  as  con- 
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siderable  power  is  absorbed  in  gear  and  bearing  friction,  but 
when  on  the  high  speed  or  direct  drive  it  is  superior  to  any  other 
form  of  change-speed  gearing  because  the  entire  assembly  is 
locked  to  the  crankshaft,  no  gears  are  turning  idly,  and  the 
weight  of  the  gearing  serves  merely  as  an  additional  flywheel 
member. 

The  planetary  transmission  used  on  the  Ford  automobile  is 
clearly  outlined  in  part  section  at  Fig.  187,  A ;  the  various  ad- 
justments and  operating  pedals  are  shown  at  Fig.  187,  B,  and  a 
top  view  showing  its  location  relative  to  the  flywheel  of  the  en- 
trine  is  shown  at  Fig.  188.  The  various  adjustments  are  clearly 
"Utlined  at  Fig.  187,  A.  The  operation  is  not  difficult  to  under- 
stand. There  are  three  groups  of  planetary  pinions — P-l,  P  and 
K.  These  are  riveted  together,  so  they  must  turn  at  the  same 
speed.  Gear  P-l  meshes  with  gear  D,  which  is  keyed  to  a  driven 
member  attached  to  the  drum  C.  The  drive  gear  F  is  mounted 
on  the  end  of  a  bushing  which  is  riveted  to  the  brake  drum  D. 
The  gear  L  is  attached  to  the  brake  drum  B.  The  clutch  is  a 
multiple  disc  type  normally  held  in  engagement  by  a  coil  spring. 

Three  brake  bands  are  used  for  this  transmission ;  the  one 
that  constricts  around  the  drum  C  is  the  foot  brake  and  acts  to 
retard  movements  of  the  car,  regardless  of  whether  any  of  the 
other  clutches  are  engaged.  Tightening  a  band  around  drum  B 
produces  a  slow  speed.  When  the  band  is  tightened  around  the 
drum  V  or  that  nearest  the  flywheel,  a  reverse  motion  is  ob- 
tained. To  apply  either  the  slow  speed  or  reverse  band  it  is 
necessary  to  break  the  direct  driving  connection  by  releasing  the 
clutch  spring  tension  and  allowing  one  set  of  clutch  discs  to 
move  independently  of  the  other  set.  One  set  of  the  clutch 
plates  is  carried  by  the  clutch  case  C,  which  is  keyed  to  gear  D. 
The  other  set  is  carried  by  a  clutch  disc  carrier  which  is  sup- 
ported by  an  extension  of  the  engine  crankshaft  and  prevented 
from  turning  by  a  setscrew  passing  through  the  clutch  disc 
carrier  hub  into  the  shaft.  The  adjustment  of  the  Ford  direct 
drive  clutch  is  a  very  simple  operation,  this  consisting  of  releas- 
ing the  setscrews  in  the  clutchfingers  by  pulling  out  the  split- 
pin  that  acts  as  a  lock  and  turning  in  the  adjusting-screws.  The 
>!o\v-speed  adjustment  is  at  the  side  of  the  gearcase,  and  may 
be  reached  without  removing  the  cover  plate  of  the  transmission, 
which  is  necessary  to  adjust  cither  the  reverse  clutch  band  or 
the  foot  brake  band. 
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Ten-Speed  Transmission. — That  there  is  a  natural  tendency 
for  a  driver  to  speed  a  truck,  when  empty  or  on  good  roads, 
whether  or  not  such  a  truck  is  built  for  high  speeds,  is  the  con- 
tention of  the  manufacturers  of  a  ten-speed  transmission.  The 
truck  on  which  this  transmission  is  used  is  designed  for  a  speed 
of  20  m.p.h.,  on  high  gear,  with  a  crankshaft  speed  of  only  1,000 
r.p.m.  It  is  this  human  equation  element  that  has  induced  the 
makers  to  provide  additional  gear,  for  if  an  engine  is  not  intended 


Fig.  188A. — Upper  Illustration  Shows  Ten-Speed  Gearbox. 
View  Shows  Shifting  Clutch  Transmission. 
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for  high  speeds,  an  excessive  speed  may  cause  undue  vibration 
or  injure  the  moving  parts,  which  facts  the  inexperienced  driver 
often  fails  to  consider. 

This  selective  transmission,  used  on  heavy  trucks,  has  eight 
speeds  forward  and  two  backward.  To  effect  the  changes,  a 
main  shift-lever  and  an  auxiliary  lever  are  made  use  of,  the 
former  taking  care  of  four  speeds  forward  and  one  reverse.  The 
auxiliary  lever  is  used  to  double  the  reduction  of  any  speed. 
Thus,  if  the  speed  is  14  m.p.h.  and  the  auxiliary  is  brought  into 
play,  the  speed  at  once  drops  to  7  m.p.h. ;  if  the  original  speed 
is  10  m.p.h.,  an  application  of  the  auxiliary  lever  reduces  it  to 
5.  The  normal  portion  of  the  gearing  has  the  forward  ratios  of 
1:1;  1 :1.72;  1 :3.20;  1 :5.72;  and  reverse  1 :6.12. 

The  transmission  shown  in  Fig.  188A  is  manufactured  by  the 
G.  A.  Schacht  Motor  Truck  Co.,  who  are  using  it  on  their  five- 
ton  truck,  and  was  described  in  Automotive  Industries. 

Shifting  Clutch  Transmission. — The  Power-Rite  principle  of 
speed  selection  is  claimed  to  make  possible  the  changing  of 
speeds  without  the  usual  jars  and  jerks.  With  gears  constantly 
in  mesh,  there  is  no  possibility  of  clashing,  grinding  or  stripping 
—even  under  such  severe  strains  as  changing  from  a  higher  to 
a  lower  speed.  These  transmissions  have  long  since  passed  the 
experimental  stage  and  have  proven  their  practicability  in  actual 
service.  The  superiorities  which  they  have  demonstrated  in 
rigorous  tests  over  a  long  period  have  won  for  them  the  ap- 
proval of  leading  engineers  in  the  motor  car  and  motor  industry. 
The  sectional  cut  at  Fig.  188A  shows  details  of  the  one-way  dog 
clutch,  which  gives  full  floating  action  to  intermediate  speeds  on 
main  shaft,  thus  eliminating  "jerking"  or  "pitching"  when  chang- 
ing from  high  to  a  lower  speed.  The  cross  section  of  main  drive 
shaft  shows  the  sliding-key  construction  which  controls  speed 
selection. 
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Fig.  189.— Plan  View  of  White  Two-Ton  Standard  Chassis  Showing 

Shaft  Drive. 


CHAPTER  VII 


MOTOR  TRUCK  DRIVE  SYSTEMS 

Power  Transmission  Methods— Countershaft  Used  With  Chain  Drive- 
Single  Reduction  Live  Axle — Universal  Joints — Purpose  of  Differ- 
ential Gear — New  Positive  Drive  Differential — Worm-Drive  Gearing 
— Double  Reduction  Axles — Truck  Axle  with  Planetary  Secondary 
Reduction — Four-Wheel  Drive  and  Steer  System — Four-Wheel  Drive 
Truck  Details — Front-Wheel  Drive  System — Testing  Motor  Truck 
Drive  System — A  Six-Wheel  Double  Drive  Axle  Truck. 

Power  Transmission  Methods. — There  are  two  main  methods 
of  transmitting  the  power  from  the  change-speed  gearing  to  the 
rear  wheels.  The  one  commonly  used  at  the  present  time  is  by 
a  universally  jointed  propeller  shaft  to  driving  gears  in  the  live 
rear  axle.  The  chassis  depicted  at  Fig.  189  is  that  of  the  White 
two-ton  truck.  The  axle  is  not  a  simple  form,  because  there 
are  two  sets  of  gears  incorporated  therein  and  a  double  reduc- 
tion of  speed  before  the  power  is  delivered  to  the  wheels.  The 
chassis  at  Fig.  190  is  that  of  the  Model  E  two-ton  truck  manu- 
factured by  the  International  Harvester  Company.  This  also 
employs  shaft  drive,  but  instead  of  the  live  axle  forms  such  as 
used  on  the  White  truck,  a  double  reduction  axle  in  which  the 
wheels  revolve  on  a  non-rotatable  forging  is  used.  As  will  be 
explained  later,  the  wheels  are  driven  by  small  spur  pinions 
which  engage  with  internal  gears  attached  to  the  wheels.  In 
both  of  these  chassis  the  gearbox  is  an  independent  unit  and  is 
carried  at  a  point  in  the  frame  approximately  under  the  driver's 
seat. 

The  truck  chassis  shown  in  the  plan  view  at  Fig.  191  is  that 
of  the  Packard  worm  drive  truck.  The  change-speed  gearing  is 
located  further  back  in  the  frame  so  that  a  shorter  propeller 
*haft  is  used  to  transmit  the  power  than  is  the  case  in  either  of 
the  chassis  previously  described.  In  the  worm  gear  axle  there 
is  but  one  set  of  reduction  gears  and  a  single  reduction  in  speed. 
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Fig.  190. — Plan  View  of  Chassis  of  the  Model  G  International  Harvester 
Truck,  Showing  Amidship  Location  of  Change  Speed  Gearing  and 
Drive  by  Hollow  Shaft  to  Internal  Gear  Axle. 
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Fig.  191. — Plan  View  Showing  Packard  Motor  Truck  Chassis  with 
Amidship  Location  of  the  Change  Speed  Gearing  and  Drive  by  Short 
Shaft  to  Worm  Gear  Axle. 
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The  chassis  depicted  at  Fig.  192  is  the  Mack  A.  C.  type  con- 
structed for  the  Engineering  Corps  of  the  United  States  Army. 
In  this  view  the  application  of  side  chain  drive  from  small  sprock- 
ets carried  at  each  end  of  the  jackshaft  to  others  of  large  diame- 
ter on  the  rear  wheels  is  clearly  shown.  Attention  is  also  di- 
rected to  the  substantial  frame  construction  of  this  truck.  The 
advantage  given  for  both  chain  and  internal  gear-driven  trucks 
is  that  the  power  is  applied  near  the  wheel  rim  instead  of  at  the 
hub,  as  is  the  case  with  the  usual  single  reduction  live  axle  and 
also  in  those  double  reduction  forms  where  the  primary  and 
secondary  reduction  gearing  are  carried  in  the  differential  hous- 
ing and  the  wheels  are  driven  by  shafts  which  extend  from  the 
differential  to  the  wheel  hub. 

Countershaft  Used  With  Chain  Drive. — The  countershaft  or 
jackshaft,  as  it  is  often  called,  of  the  White  five-ton  truck  is  a 
distinctive  construction  because  it  has  two  reductions  of  speed 
in  the  jackshaft  assembly  and  a  still  further  reduction  in  the 
chain  drive  because  of  the  varying  diameters  of  the  sprockets. 
The  differential  assembly  at  Fig.  193  shows  how  the  two  reduc- 
tions of  speed  are  obtained.  The  first  one  is  between  a  pair  of 
helically  cut  spur  gears,  one  mounted  above  the  other.  The 
lower  shaft  carries  the  bevel  pinion,  which  meshes  with  the  ring 
gear  that  drives  the  differential  mechanism.  Shafts  extending 
from  the  differential  to  the  sprocket  carriers  deliver  the  power 
to  the  sprockets.  A  modification  of  this  construction  is  employed 
in  one  of  the  live  rear  axles  used  on  the  model  of  this  truck,  as 
shown  at  Fig.  189. 

Single  Reduction  Live  Axles. — The  construction  of  the  sim- 
plest form  of  live  axles  of  the  non-floating  type  is  well  exempli- 
fied in  that  of  the  Ford  Model  T  car  which  is  shown  at  Fig.  194. 
The  sectional  view  outlines  clearly  all  parts.  The  driving  or 
propeller  shaft  has  the  bevel  pinion  at  its  end  to  drive  the  ring 
pear  attached  to  the  differential.  As  this  shaft  is  protected  by 
a  torque  tube  and  revolves  in  bearings  contained  therein,  but  one 
universal  joint  is  necessary,  and  that  at  the  front  end.  Shafts  ex- 
tend from  the  differential  gear  to  the  rear  wheel  hubs.  All 
shafts  revolve  on  roller  bearings  of  the  Hyatt  Flexible  form,  and 
it  will  be  apparent  that  the  entire  weight  of  the  rear  end  of  the 
car  must  be  carried  by  the  bearings  at  the  outer  ends  of  the 
axles.  The  shafts  not  only  transmit  power,  but  also  carry  the 
weight  of  the  rear  end  of  the  car. 
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Fig.  193. — Sectional  Views  Outlining  Construction  of  the  Double  Reduc- 
tion Jack  Shaft  of  Five-Ton  Chain  Drive  White  Models. 
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The  live  axle  of  some  of  the  lighter  models  of  White  trucks  is 
shown  at  Fig.  195,  and  this  also  is  a  form  in  which  a  single-speed 
reduction  obtains.  The  drive  shaft  goes  to  a  universal  joint  on 
a  short  pinion  shaft.  The  bevel  pinion  that  engages  with  the 
ring  gear  is  supported  by  two  large  ball  bearings  of  the  single 
row  form,  between  which  it  is  placed.  The  drive  to  the  rear 
wheel  hub  is  by  live  axle  shafts,  but  in  this  construction  the 
shaft  is  not  called  upon  to  support  the  entire  load  on  the  wheel 
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Fig.  195. — Sectional  View  Showing  White  Bevel  Gear  Drive  Rear  Axle 

Used  on  Light  Trucks. 

hub  on  account  of  the  way  that  member  is  carried  by  the  single 
row  bearing  which  is  installed  in  the  axle  shaft  housing.  The 
inner  race  of  the  ball  bearing  is  clamped  on  the  wheel  hub  and 
the  outer  race  is  supported  by  the  housing.  In  this  construction 
the  axle  shaft  must  act  as  a  steadying  member  for  the  wheel  and, 
while  it  is  loaded  to  a  greater  extent  than  it  would  be  if  it  was 
used  only  for  transmitting  power,  it  does  not  carry  the  same  pro- 
portion of  the  rear  end  load  that  the  live  axles  do  in  the  con- 
structions exemplified  by  the  Ford  axle. 

Model  T  Ford  Truck  Axle. — The  one-ton  truck  built  by  the 
Ford  Motor  Co.  is  practically  the  same  in  most  details  as  the 
touring  car,  except  that  some  of  the  parts  are  naturally  made 
stronger  and  a  new  type  of  worm  drive  rear  axle  is  used  This 
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is  clearly  shown  at  Figs.  195A  and  195B,  the  view  at  A  showing 
the  worm  and  its  supporting  bearings.  That  at  B  shows  the 
worm  gear  and  differential,  also  one  of  the  axle  shafts  that  drive 
the  wheels.  The  axle  is  a  live  axle  type,  just  as  the  bevel  gear 
drive  axle  of  the  model  T  touring  car  is.  The  worm  is  at  the 
top  of  the  worm  gear  and  differential  assembly  and  the  worm 
shaft  is  supported  by  roller  bearings  which  take  all  radial  load 
while  end  thrust  is  taken  by  a  special  ball  bearing  mounted  at 
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Fig.  196. — Construction  of  Typical  Universal  Joint  Outlined.   When  Two 
Joints  are  Used  on  a  Shaft,  One  is  Fixed  Solidly  to  the  Shaft,  While 
the  Other  is  Provided  with  a  Splined  Slip  Joint. 

the  back  end  of  the  worm  shaft.  The  differential  gear  assembly 
is  supported  by  cup  and  cone  type  ball  bearings ;  the  wheel  end 
of  the  axle  drive  shaft  revolves  on  a  flexible  roller  bearing  just 
as  in  the  touring  car.  The  power  plant  and  control  is  the  same 
as  used  in  the  passenger  car,  but  the  worm  gearing  provides  a 
lower  gear  ratio  on  account  of  the  greater  weight  to  be  moved. 
The  spring  at  the  rear  end  is  much  stronger  and  the  frame  is 
made  of  heavier  section  pressed  steel. 

Universal  Joints. — The  universal  joint  is  an  important  element 
in  practically  all  shaft  drive  trucks,  some  constructions  using 
but  one  joint  if  the  propeller  shaft  is  protected  by  a  long  housing, 
as  in  the  Ford,  Dodge  and  Overland  delivery  models,  while  other 
systems  employ  two  universal  joints,  one  at  each  end  of  an  ex- 
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posed  propeller  shaft.  Universal  joints  on  many  early  cars  were 
run  exposed  and  considerable  trouble  was  experienced  due  to 
rapid  wear  of  the  bearing  parts.  When  exposed  there  was  also 
considerable  difficulty  in  keeping  the  joints  properly  lubricated. 
The  modern  forms  are  housed  inside  of  a  casing  member,  which 
is  not  only  designed  to  exclude  the  dirt  and  grit  from  the  bearing 
surfaces,  but  which  is  also  depended  on  to  retain  lubricant. 

Power  from  one  unit  to  another  is  transmitted  by  shafting, 
called  propeller  shafting.   Thus,  the  power  of  the  engine  is  taken 
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Fig.  197. — Recent  Development  in  Power  Transmission  Members.  A — 
Universal  Joint  Employing  Leather  Disk  for  Flexibility.  B — Tubu- 
lar Drive  Shaft  Reduces  Liability  of  "Whipping." 

by  the  clutch  and  transmitted  through  a  shaft  to  the  transmis- 
sion. From  the  transmission  main  shaft,  another  propeller 
shaft  delivers  power  to  the  rear  axle  gearing.  These  propeller 
shafts  are  all  fitted  with  two  universal  joints,  but  these  vary  in 
design.  A  popular  type  of  joint  is  shown  at  Fig.  196,  and  is  an 
all-metal  construction.  Universals  are  necessary  in  power  trans- 
mission lines  to  prevent  stresses  due  to  misalignment.  Thus,  an 
axle  moves  up  and  down,  due  to  inequalities  in  the  road,  alter- 
ing its  up-and-down  relation  to  the  transmission.  If  a  propeller 
shaft  were  rigidly  connected  to  both  transmission  and  axle  it 
would  bend  or  break  with  movement  of  the  axle.  The  universals 
allow  the  propeller  shafts  to  move  up  and  down  or  sideways,  if 
necessary  (universal  movement,  or  movement  in  any  direction). 
Flexible  leather  disc  joints  are  shown  at  Fig.  197. 
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The  propeller  shafts  extending  from  the  transmission  to  the 
axles  are  of  various  types.  Some  shafts  are  solid,  with  upset 
ends  to  receive  driving  splines  or  keys  which  are  hardened  on 
the  surface.  The  universals  are  fitted  to  the  ends  of  the  propeller 


Pig.  198. — Diagram  Showing  Construction  of  Universal  Joints  Used  on 

White  Truck  Chassis. 


-hafts,  as  shown  at  Fig.  198.  A  drive  shaft  with  three  universal 
joints,  a  design  that  is  necessary  with  a  long  wheel  base  chassis, 
is  shown  at  Fig.  199.  The  reader  will  note  that  an  intermediate 
steadying  bearing  is  required. 

Attention  is  called  to  the  sectional  drawing  at  Fig.  202,  show- 
ing the  inclined  position  of  the  transmission  resulting  in  a  prac- 
tically straight  line  drive,  the  maximum  angularity  of  any  of  the 
propeller  shaft  joints  not  exceeding  2y2°.    Many  universal  joint 


Pig.  199. — Diagram  Outlining  System  to  Power  Transmission  Through 
Two  Shafts  and  Three  Universal  Joints  When  Chassis  of  Long 
Wheel  Base  are  Employed.  Note  Ball  Bearings  Supporting  Mem- 
bers at  the  End  of  Horizontal  Drive  Shaft.  The  Universal  Joints 
Shown  are  of  the  Flexible  Disc  Type. 


manufacturers  will  tell  you  that  their  joints  will  work  at  an 
angularity  of  10  per  cent  and  over,  but  it  has  been  found  that 
*hen  subjected  to  an  angle  of  6°  or  over,  the  best  of  them  begin 
to  give  annoyance;  while  if  working  at  3°  or  4°  the  wear  is 
negligible.  The  practice  of  not  exceeding  2J/2°  is,  therefore, 
^ery  conservative  and  commendable,  and  will  not  only  save 
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power  but  will  reduce  wear  on  the  universal  joint  parts  and 
prevent  noise  due  to  lost  motion  between  yokes  and  pins. 

Purpose  of  Differential  Gear. — One  of  the  most  important 
elements  of  any  form  of  motor  truck  driving  system  is  the  differ- 
ential gear,  but  as  this  is  usually  placed  at  a  point  where  it  is 
not  easily  seen  by  the  driver,  and  as  but  very  little  trouble  is 


Fig.  200.— Typical  Universal  Joint  Shown  at  A  and  the  Parts  of  Which 

It  is  Composed  Outlined  at  B. 


experienced  from  this  mechanism,  many  operators  of  trucks  are 
not  aware  of  its  existence  and  do  not  realize  the  important  work 
performed  by  this  relatively  simple  component.  Without  a  dif- 
ferential gear  it  would  be  difficult  to  control  the  machine  when 
driving  around  corners,  so  this  really  performs  an  important 
function  with  both  steering  and  driving  systems. 

When  turning  corners  with  a  four-wheeled  vehicle  the  outer 
wheels  must  turn  at  a  higher  rate  of  speed  than  the  inner  ones, 
because  they  are  describing  a  larger  arc  of  the  circle.  The  more 
sharply  the  vehicle  is  turned,  the  greater  the  difference  in  veloc- 
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Purpose  of  Differential  Gear 


ity  between  the  inner  and  outer  wheels.  In  a  horse-drawn  con- 
veyance all  the  wheels  are  independent  of  each  other  and  may 
all  revolve  at  different  speeds,  if  necessary,  without  interfering 
with  each  other  or  impairing  the  action  of  the  conveyance.  In 
a  truck  different  conditions  prevail,  because  while  the  front 
wheels  are  usually  independent  of  each  other,  the  driving  wheels 
must  be  connected  together  so  that  each  will  receive  its  share 
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Fif.  201.— Drawing  Showing  Construction  of  Simple  Fabric  Disc  Type 

Universal  Joint 

of  the  energy  produced  by  the  motor  and  will  perform  its  quota 
of  work  incidental  to  propelling  the  vehicle. 

In  order  to  permit  one  of  the  driving  wheels  (the  inner  one  ) 
to  turn  at  a  lower  speed  than  its  mate  in  rounding  a  corner,  the 
balance  or  differential  gear  is  used.  Its  simplest  application  is 
<hown  at  Fig.  203.  From  this  it  is  patent  that  the  driving  axle 
is  split  in  the  center  and  that  the  wheels  are  mounted  on  and 
'iriven  by  distinct  shafts.  At  the  inner  end  of  each  shaft  a  bevel 
ffear  is  carried,  these  being  firmly  secured  to  the  axles  so  they 
revolve  with  them.  The  main  bevel-driven  gear,  which  is  actu- 
ated by  the  driving  pinion  turned  by  the  engine  shaft,  is  mounted 
idependently  of  the  axles  and  is  coupled  to  them  by  means  of 
11  bevel  pinions  which  are  applied  so  that  they  will  drive  the 
on  the  axle  shafts.  Assuming  that  all  the  gears  are  in 
i,  as  outlined,  and  the  power  is  being  applied  to  the  driven 
ir,  and  that  the  resistance  to  traction  is  the  same  at  both  rear 
wheels,  the  entire  assembly,  comprised  of  driven  gear,  the  dif- 
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ferential  pinions  attached  to  it  and  the  axle  shafts,  revolve  as 
a  unit. 

If  the  resistance  against  the  driving  wheels  varies  so  one 
wheel  tends  to  revolve  faster  than  the  other,  the  differential 
pinions  will  not  only  turn  around  on  the  studs  on  which  they  are 
mounted,  but  at  the  same  time  will  run  around  the  gears  on  the 
axle  shafts,  because  the  bevel-driven  gear  is  carrying  the  studs 
on  which  the  differential  pinions  revolve  forward.  When  turn- 
ing a  corner  the  outer  wheel  must  turn  so  much  faster  than  the 
inner  member  that  it  is  just  the  same  as  though  one  of  the  wheels 
was  held  stationary  and  the  other  turned.  If  both  wheels  are 
turning  forward  at  the  same  speed,  the  differential  pinions  re- 


Fig.  202.— Diagram  of  Truck  Chassis  Showing  How  Practical  Straight 
Line  Drive  May  Be  Obtained  by  Placing  the  Engine  in  the  Frame 
So  that  the  Crankshaft  is  at  an  Angle  with  the  Side  Frame  Member. 

main  stationary  and  act  simply  as  a  lock  which  forms  a  driving 
connection  between  gear  No.  1  on  axle  shaft  No.  1  and  gear  No. 
2  on  axle  shaft  No.  2.  This  will  mean  that  both  wheels  must 
turn  in  the  same  direction  as  long  as  the  work  is  uniformly  dis- 
tributed. Just  as  soon  as  the  resistances  are  unequal  the  dif- 
ferential pinions  will  turn  on  their  supporting  stud,  and  one 
member  may  turn  at  comparatively  slow  speed  while  the  other 
revolves  at  a  much  faster  rate. 

The  action  of  the  differential  pinions  may  be  clearly  under- 
stood by  reference  to  Fig.  203,  and  giving  due  consideration  to 
the  following  principles:  The  same  resistance  at  the  point  of 
contact  between  the  driving  wheels  and  the  ground  prevents  the 
pinions  from  revolving  on  their  own  studs,  and  in  this  case  they 
are  carried  around  by  the  supporting  members  and  the  ring  gear. 
If  the  resistance  upon  axle  shaft  No.  1  is  greater  than  that  on 
axle  shaft  No.  2,> the  ring  gear  will  rotate  forward  with  the  wheel 
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offering  the  least  resistance,  and  the  differential  pinions  will  turn 
on  their  studs  and  run  over  the  surface  of  the  gear  which  tends 
to  remain  stationary,  this  being  the  one  against  which  there  is 
the  greatest  resistance.  The  differential  pinions  can  thus  turn 
independently  of  one  gear  wheel  and  run  over  its  surface  with- 
out turning  it,  and  at  the  same  time  act  as  a  clutching  member 
of  sufficient  capacity  on  the  other  gear  and  axle  to  carry  them 
in  the  same  direction  as  the  ring  gear  and  at  the  ratio  of  speed 


Pig.  203. — Illustrating  Differential  Gear  Action  When  Applied  to  Bevel 

Gear  Drive  Axle. 


which  will  depend  upon  the  difference  in  resistance  between  the 
driving  members  and  the  ground. 

The  differential  gear  described  is  of  the  bevel  pinion  type, 
and  its  application  to  the  driving  gear  carrier  of  the  I.  H.  C.  truck 
axle  is  shown  at  Fig.  204.  Other  forms  have  been  devised  in 
which  the  differential  action  is  obtained  by  means  of  spur  gear- 
ng.  which  utilizes  the  same  principle  of  compensation.  Various 
friction  and  leverage  combinations  have  been  adapted  in  an  en- 
deavor to  secure  a  differential  action,  but  these  have  eventually 
*cn  displaced  by  the  simpler  and  more  efficient  geared  forms. 
The  differential  gear  which  utilizes  bevel  pinions  is  the  form  that 
»  more  generally  used,  and  has  proved  to  be  the  simplest,  most 
efficient  and  enduring.  The  differential  gear  is  usually  incor- 
porated in  the  rear  axle  if  the  drive  is  by  shaft  and  in  the  count- 
tershaft  if  transmission  is^hy  means  of  side  chains. 
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The  conventional  differential,  rather  than  being  inefficient,  is, 
on  the  other  hand,  too  efficient  in  that  it  differentiates  for  all 
differences,  whereas  the  truck  engineer  wants  it  to  take  care 
only  of  the  unequal  velocities  of  the  rear  wheels.  It  becomes 
inefficient  as  a  means  of  transmitting  the  power  to  the  rear 
wheels  if  the  wheels  have  unequal  traction.  It  is  to  correct  this 
defect  of  differentiating  for  unequal  traction  of  the  wheels  that 


Fig.  204. — Differential  and  Bevel  Drive  Gear  Assembly  of  the  Interna- 
tional Harvester  Truck  Axle. 


a  great  many  intended  substitutes  for  the  present  types  of  dif- 
ferential have  been  invented. 

New  Positive  Drive  Differential. — A  new  type  of  worm  differ- 
ential, which  is  of  exceedingly  simple  design,  and  which  has  the 
meritorious  feature  of  driving  both  wheels,  regardless  of  the 
traction  conditions  of  either,  has  been  put  on  the  market  under 
the  name  of  the  Walter  positive  drive  differential.  The  differ- 
ential consists  of  two  pairs  of  spiral  gears  mounted  in  a  two-part 
housing,  as  shown  in  the  accompanying  illustration,  Fig.  205. 
The  two  pairs  of  spiral  gears  mesh  together  and  also  mesh  with 
worms  mounted  in  the  housing  and  on  the  drive-shaft.  The 
housing  is  in  halves  which  are  alike  except  for  the  flange  for  the 
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bevel  gear.  The  two  bolts  which  hold  the  housing  together  set 
one  ahead  of  the  other  in  order  to  bring  the  spiral  gear  pairs  into 
direct  mesh. 

The  worm  can  be  given  any  desired  pitch  within  the  limits  of 
^ood  practice,  but  in  the  standard  design  they  will  have  a  22.5 


Pif.  205. — Assembly  View  of  Walter  Positive  Drive  Differential  at  A. 
View  of  Ring  Gear,  Differential  Parts  and  Worm  Gearing  at  B. 


i<*£ree  lead  angle,  as  this  has  been  found  to  be  the  best  in  prac- 
tice. The  construction  is  not  limited,  however,  to  any  special 
spiral  angle.  With  this  construction,  the  operation  will  be  as 
follows:  The  driving  resistances  of  the  wheels  tend  to  rotate  the 
^>tral  gears  on  their  pins  in  opposite  directions.  When  one 
wheel  has  a  greater  resistance  the  inequality  of  force  cannot 
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drive  the  other  wheel  faster,  as  the  spiral  gear  cannot  drive  the 
worm  on  account  of  the  relationship  of  the  pitch  angle  to  one 
another.  The  result  is  that  both  wheels  are  positively  driven. 
When  turning,  the  outside  wheel  rolls  faster  and  so  permits  the 


Fig.  206. — One  of  the  Driving  Units  of  the  Nash  Quad  Truck  Showing 
Location  of  Worm  Differential  Gearing  and  Method  of  Supporting 
Parts  by  Taper  Roller  Bearings. 


inside  wheel  to  turn  correspondingly  slower,  giving  a  compen- 
sating differential  action. 

Worm  gearing  has  been  chosen  because  it  provides  strength, 
while  at  the  same  time  giving  a  smooth  and  pliant  action.  The 
flexibility  of  the  worm  gearing  is  very  effective  in  diminishing 
the  shocks  transmitted  through  the  differential  mechanism.  Five 
advantages  are  claimed  for  this  type  of  differential.  These  may 
be  briefly  summarized  as  follows:  1 — The  car  will  not  stall  if  a 
single  wheel  alone  has  traction.  2 — The  motor  power  is  used 
more  effectively,  as  both  wheels  are  steadily  driven.  3 — Skidding 
is  eliminated  in  many  cases,  due  t<»  the  steady  driving  of  both 
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wheels.  4 — More  even  pulling  is  secured  on  a  rough  road  for 
the  same  reason.  5 — The  wear  and  strain  on  tires  due  to  an 
accelerated  or  spinning  wheel  recovering  the  road  is  eliminated, 
a  notable  advantage  for  economy. 

As  will  be  noted  from  the  foregoing  description,  this  differ- 
ential is  different  in  construction  and  principle  from  the  45-degree 
type  and  the  ratchet  differentials,  which  have  an  overrunning 
notion.  The  widest  difference  between  the  45-degree  and  this  is 
that  it  is  a  positive  drive,  in  the  first  place,  and,  secondly,  it  is 
irreversible,  whereas  it  is  the  nature  of  the  45-degree  gears  to  be 
perfectly  reversible.  The  distinction  between  the  Walter  dif- 
ferential and  the  ratchet  differential  is  twofold  as  far  as  opera- 
tion is  concerned.  In  the  first  place,  it  has  not  an  overrunning 
action,  and,  secondly,  instead  of  driving  the  wheel  of  most 
resistance,  the  two  wheels  are  given  equal  power. 

Experiments  have  been  made  with  solid  axles,  eliminating  the 
differential.  These  are  only  suitable  for  slow-speed  trucks  using 
>olid  tires  and  operating  on  good  roads.  The  experiments  made 
do  not  show  any  advantages  in  either  trucks  capable  of  mod- 
erate speeds  or  pleasure  cars  capable  of  running  at  high  speeds. 
There  is  considerably  more  wear  on  tires,  and  trucks  are  harder 
to  steer  than  when  a  differential  gear  is  employed. 

The  sectional  view  at  Fig.  206  shows  one  of  the  worm  gear 
differential  assemblies  used  on  the  Nash  four-wheel  drive  truck 
and  outlines  a  well-proven  type  of  gear  of  this  character.  The 
obstruction  is  apparent  by  study  of  the  illustration. 

Worm  Drive  Gearing. — Worm  gearing  is  not  only  enduring 
and  noiseless,  but  is  remarkably  efficient,  as  actual  tests  ha,ve 
demonstrated  that  from  90  to  even  as  high  as  95  per  cent  of  the 
horsepower  applied  to  the  worm  driving  shaft  has  been  deliv- 
ered to  the  road  wheels.  The  sectional  view  at  Fig.  207  and 
•ther  illustrations  clearly  show  the  method  of  supporting  the 
worm  shaft  by  anti-friction  bearings  and  the  way  the  worm 
gearing  is  applied.  In  all  cases  the  worm  is  made  of  hardened 
*tee1  and  is  either  triple  or  quadruple-threaded,  having  a  lead 
Ulgle  sufficiently  acute  to  provide  the  factor  of  reversibility, 
which  is  essential  in  truck  service.  To  one  familiar  with  me- 
chanics it  will  be  apparent  that,  while  it  is  possible  to  exert 
;rreat  power  and  secure  a  great  ratio  of  speed  reduction  with  a 
gradual  pitch  worm,  the  construction  would  be  almost  irreversi- 
ble.  This  factor  of  irreversibility,  while  very  desirable  in  such 
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mechanism  as  truck  steering  gears,  would  not  be  practical  under 
those  conditions  where  the  worm  wheel  must  become  the  driver 
as  in  coasting. 

The  worm  gear  assembly,  which  is  ordinarily  combined  with 
the  differential  gearing,  is  nearly  always  attached  to  a  carrier 
member  which  fits  into  the  main  axle  housing.  Such  an  assem- 
bly is  shown  just  above  the  sectional  view  of  the  worm  gear  at 


Thrust  Bear  inn.  Radial  Bearing 


Fig.  209. — Phantom  View  Showing  Construction  of  the  Packard  Worm 
Drive  Axle  and  Showing  Driving  Gearing  and  Spur  Gear  Differential. 

Fig.  207  and  in  place  in  the  axles  at  Fig.  208.  A  phantom  view 
of  the  worm  gearing  used  in  Packard  trucks  is  shown  at  Fig. 
209.  The  reason  for  this  construction  is  that  it  is  essential  that 
the  worm  gearing  be  accurately  adjusted  and  that  this  adjust- 
ment be  maintained.  It  is  not  only  important  that  the  worm 
should  me$h  properly,  but  the  center  line  of  the  worm  must  co- 
incide exactly  with  the  center  line  of  the  worm  gear  or  consider- 
able friction  and  actual  depreciation  will  ensue.  It  was  fortu- 
nate, indeed,  that  in  the  truck  applications  the  gear  ratios 
desired,  ranging  from  a  reduction  of  eight  to  one  in  the  lighter 
trucks  to  tit  teen  or  sixteen  to  one  in  the  heavier  vehicles,  were 
not  so  low  a>  to  demand  gradual  pitch  single-threaded  and  prac- 
tically non-reversible  worms.   As  the  worm  gearing  is  invariably 
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carried  in  a  casing  that  may  be  filled  with  lubricating  oil,  and 
as  there  is  no  opportunity  for  grit  or  dirt  to  enter,  it  will  be  ap- 
parent that  long  life  is  assured. 

Double  Reduction  Axles. — Another  form  of  final  drive  system 
that  is  receiving  considerable  attention  at  the  present  time  is  a 
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Fig.  210. — Two  Forms  of  Double  Reduction  Live  Axles.  A — Combina- 
tion Bevel  and  Spur  Gear  Drive  Forms.  B — Internal  Gear  Drive 
Truck  Axle. 

double  reduction  axle  of  the  type  in  which  a  primary  reduction 
in  speed  is  obtained  between  bevel  gears,  while  a  secondary  and 
final  reduction  in  speed  is  secured  by  driving  the  wheels  through 
the  medium  of  internal  gearing.  It  is  conceded  that  internal 
>pur  gearing  is  the  most  efficient  form,  and  when  it  is  applied 
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properly  to  rear  axle  construction  one  obtains  advantages  that 
are  worthy  of  consideration.  An  internal  gear-driven  axle,  as 
can  be  readily  ascertained  from  inspection  of  the  part  sectional 
view,  Fig.  210,  B,  is  a  form  in  which  the  jackshaft,  which  is  ordi- 
narily placed  on  the  chassis  frame  in  the  chain  and  sprocket  drive 


Fig.  211. — Sectional  Views  Comparing  Construction  of  Internal  Drive 
Axle  at  A  and  Typical  Light  Worm  Drive  Axle  at  B.  In  Both  of 
These  Designs  the  Axle  Shafts  are  Used  Only  to  Transmit  Power 
and  Do  Not  Carry  Any  of  the  Truck  Weight. 


system,  is  attached  to  the  axle — in  this  instance,  a  non-rotatin? 
member  on  which  the  wheels  revolve  freely.  Instead  of  sprock- 
ets at  the  end  of  the  live  axle  shafts,  small  spur  pinions  arc 
mounted  which  mesh  directly  with  the  large  internal  gears  bolted 
to  the  brake  drums,  which  in  turn  are  securely  fastened  to  the 
wheel  hubs.  Other  internal  gear-drive  axles  are  shown  at  Fig. 
212  and  Fig.  215.  The  worm  axle  is  a  built-up  form  and  must 
be  made  very  strong,  because  the  housing  for  the  driving  gear- 
ing and  axle  shafts  must  be  heavy  enough  to  carry  the  load  as 
well  as  enclosing  the  transmission  members.    On  large  capacity 
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trucks  a  live  axle  construction  becomes  of  necessity  very  mas- 
sive and  correspondingly  heavy.  The  two  forms  of  axles  may 
be  compared  by  reference  to  Fig.  211.  The  double  reduction 
form  of  axle  shown  at  Fig.  210,  A,  is  popular  abroad,  much  more 
so  than  in  this  country.  This  follows  the  usual  full  floating  axle 
construction  as  regards  the  wheel  mounting  and  has  the  differ- 
ential assembly  driven  by  spur  gearing  instead  of  bevel  gears. 
The  first  reduction  is  secured  by  a  bevel  pinion  which  meshes 
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Pig.  212. — Sectional  View  of  the  Internal  Gear  Axle  Used  on  Interna- 
tional Harvester  Trucks. 

■ 

with  a  bevel  gear  carried  on  a  short  countershaft.  A  spur  pinion 
on  the  countershaft  drives  the  spur  gear  on  the  differential. 

Truck.  Axle  With  Planetary  Secondary  Reduction. — A  truck- 
axle  embodying  a  new  form  of  final  drive  has  been  developed  by 
the  Flint  Motor  Axle  Co.  It  is  the  intention  to  manufacture 
this  axle  for  trucks  in  capacities  from  one  ton  up,  and  the  1  y2- 
ton  capacity  truck  axle  will  be  put  in  production  first. 

As  may  be  seen  by  reference  to  the  sectional  illustration,  Fig. 
215A,  reproduced  from  "Automotive  Industries,"  there  is  a 
first  reduction  of  the  transmission  speed  by  bevel  gears  at  the 
center  of  the  axle  and  a  final  reduction  by  a  set  of  planetary 
gears  at  the  ends  of  the  axle.  Therefore,  the  torque  transmitted 
by  the  differential  and  axle  shafts  is  comparatively  small  and  it 
is  not  necessary  to  build  the  axle  as  heavily  as  would  otherwise 
he  necessary.  The  reduction  at  the  bevel  gears  is  only  2.14  to  1. 
hence  the  torque  on  each  axle  shaft  is  only  slightly  more  than 
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that  on  the  propeller  shaft.  Bevel  gear  drive  and  differential  are 
of  conventional  construction. 

To  the  end  of  the  axle  shaft  is  secured,  by  means  of  a  splined 
fitting,  a  spur  pinion  meshing  with  three  equally  spaced  plane- 
tary pinions  carried  on  studs  secured  into  a  housing  that  is 
bolted  to  the  outside  of  the  driving  wheel  hub.  These  planetary 
pinions  also  mesh  with  an  internal  gear  ring,  which  is  keyed  to 
the  end  of  the  axle  tube.    One  advantage  of  this  form  of  trans- 


Fig.  213.— View  at  A  Shows  the  Forged  Steel  Dead  Axle  Member  Used 
on  International  Harvester  Trucks.  The  View  at  B  of  the  Complete 
Axle  Shows  How  the  Differential  and  Drive  Gear  Housing  is  Bolted 
to  the  Forge  Load  Carrying  Member  Shown  at  A.  This  Illustration 
Also  Outlines  the  Double  Internal  Brakes.  .- 


mission  is  that  it  gives  a  high  road  clearance  at  the  center  of  the 
axle,  while  at  the  same  time  it  permits  of  enclosing  all  members 
of  the  transmission  and  operating  them  in  oil. 

The  axle  illustrated  at  Fig.  21 5 A  has  a  tread  of  56  inches 
and  a  carrying  capacity  of  3,800  pounds  on  the  spring  seats.  The 
latter  are  normally  spaced,  with  39-inch  centers  for  2^-inch 
width,  ^-inch  clips,  but  spring  centers  can  be  varied  from  38  to 
40  inches.  Total  gear  reductions  of  from  7]/^  to  8.8  can  be  ob- 
tained, the  bevel  gear  ratio  being  varied  from  2.14  to  2.647, 
whereas  the  planetary  gear  ratio  remains  constant  at  3.33.  The 
bevel  gears  are  of  five  diametral  pitch  with  1%-inch  face  and 
the  planetary  gears-of  6-8  *tfametral' pitch  by  ^J-incH  face. 

Hie  brake*  drams  are  14  'inches ''in  diameter :b>y  2l/2  inches 
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face,  and  external  and  internal  brakes  act  on  the  same  drums. 
Hyatt  roller  bearings  are  fitted  in  the  wheel  hubs  and  directly 
back  of  the  pinion  oil  the  pjnion  shaft,  while  New  Departure 
•ail  bearings  are  fitted  at  the  outer  end  of  the  pinion  shaft  and 
i  ■  ~~  ~   ■  ~~~~ mmm ~~ 


interna/  Gea- 


Fig.  214. — Diagram  Showing  Method  of  Power  Transmission  by  Means 
of  Pinion  and  Internal  Gear  at  the  Wheel  End  of  the  Axle  of  Inter- 
national Harvester  Trucks. 

«>n  the  differential.  The  axle  shafts  are  made  from  chrome 
nickel  steel  s^plined  at  both  ends  and  heat  treated. 

Four-Wheel  Drive  and  Steer  System. — Gasoline  trucks  have 
l>een  designed  where  the  drive  is  through  all  four  wheels  which 
combine  directive  and  tractive  functions.  A  side  elevation  of 
the  new  Xasfr  four-wheel  drive  motor  truck  with  important  parts 
depicted  is  clearly  shown  at  Fig.  216,  and  a  simplified  sectional 
view  at  Fig.  217.  In  this,  the  power  is  obtained  from  a  Buda 
power  plant  driving  through  a  dry  disc  clutch  to  a  change-speed 
gear  of  special  construction  mounted  on  the  chassis  frame  about 
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Fig.  218. — View  Detailing  Important  Parts  of  the  Differential  and  Drive 
Gear  Assembly  of  the  Nash  Quad  Axle. 

midway  between  the  front  and  rear  axles.  One  drive  shaft 
extends  from  the  front  end  to  the  front  axle,  while  a  similar 
member  transmits  power  to  the  rear  axle,  which  is  a  duplicate 
of  that  used  at  the  front  of  the  car. 

A  special  form  of  gear  box  is  necessary.    In  this  the  drive  is 
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through  gearing  at  all  speeds,  there  being  no  direct  drive  clutch, 
as  is  true  of  conventional  gearsets.  The  transmission  provides 
four  speeds  forward  and  a  reverse  and,  in  addition  to  the  usual 


Pif.  219. — Universal  Joint  and  Wheel  Drive  Pinion  Used  on  Nash  Quad 
Axle.  Sectional  View  at  A  Shows  Assembling  of  Different  Parts 
While  View  at  B  Outlines  the  Appearance  of  the  Parts  When  Dis- 
mantled. 

countershaft  carried  below  the  main  shaft,  a  quill  is  mounted 
Mow  this  which  carries  a  differential  gear.  From  this  differ- 
ential two  drive  shafts  provided  with  universal  joints  transmit 
the  power  to  two  auxiliary  differentials  located  on  the  front  and 
rear  axles  respectively,  and  clearly  shown  at  Fig.  218.  The 
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differentials  on  the  axles  in  turn  drive  the  wheels,  and  as  the 
wheels  are  movable  to  steer  the  vehicle,  as  well  as  rotatable  to 
drive  it,  it  is  apparent  that  the  final  drive  shafts  which  transmit 
power  to  the  wheels  must  have  universal  joints  to  compensate 
for  wheel  movement  when  set  at  an  angle  to  direct  the  vehicle. 

One  of  the  universal  joints  employed  at  the  wheels  is  shown 
at  Fig.  219.  The  universal  joint  is  a  regular  double  yoke  and 
cross  type  enclosed  in  a  housing  that  protects  it  from  the  dirt 
and  grit  and  which  permits  of  considerable  movement  of  the 
drive  shaft  without  allowing  the  lubricant  with  which  the  uni- 
versal joint  is  packed  to  escape.  One  end  of  the  universal  joint 
is  attached  to  the  drive  shaft  which  runs  to  the  differential  on 
the  axle,  while  the  other  yoke  drives  a  spur  pinion  which  is  well 
supported  by  a  taper  roller  bearing  placed  at  each  side.  This 
spur  drive  pinion  engages  with  an  internal  spur  gear  carried 
within  the  body  of  the  wheel,  and  applies  the  power  near  the 
wheel  rim,  thereby  gaining  the  greatest  driving  leverage  pos- 
sible. The  internal  gear  of  the  wheel  and  the  pinion  driving  it 
are  well  housed  to  exclude  grit  and  retain  lubricant,  and  this 
housing  at  the  same  time  serves  as  a  brake  drum. 

The  wheels,  one  of  which  is  shown  at  Fig.  220,  A,  are  inter- 
changeable in  the  four-wheel  steer  forms,  but  in  the  models  in 
which  only  the  front  wheels  steer,  the  rear  wheels  are  as  shown 
at  Fig.  220,  B.    They  do  not  differ  materially  in  construction, 
however,  and  axles  are  practically  the  same  except  for  the  elim- 
ination of  the  steering  knuckles  in  the  form  shown  at  R.  The 
two  drive  axles  with  their  universals  are  duplicates  of  each  other, 
and  the  three  differential  gears,  consisting  of  that  in  the  gear- 
f*>x  and  those  on  the  axles,  are  all  alike.    The  differential  is  a 
special  Wayne  type,  which  differs  from  the  common  construc- 
tion in  that  it  automatically  drives  the  wheel  which  has  the 
neatest  resistance  and  which  has  traction,  and  this  feature, 
coupled  with  the  use  of  four  driving  wheels,  makes  it  possible 
to  propel  the  truck  if  any  one  of  the  four  wheels  has  traction. 
It  is  claimed  that  while  the  truck  has  120-inch  wheel  base,  it 
will  turn  in  a  circle  of  twenty-two  feet  radius,  which  is  accom- 
plished by  the  four-wheel  steering  feature.    There  are  four 
imple  brakes,  one  on  each  wheel,  and  it  is  claimed  that  either 
>et  of  two  brakes  is  sufficient  to  hold  the  loaded  truck  on  a 
thirty  per  cent  grade.    The  wheel  revolves  on  taper  roller  bear- 
ings carried  by  the  wheel  spindle.    The  steering  knuckle  is  a 
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special  form  of  the  inverted  Elliot  type,  and  not  only  carries 
the  wheel  spindle,  but  the  frame  supporting  the  spur  driving 
pinion  as  well.  The  loaded  front  axle  is  supported  by  a  taper 
roller  bearing  at  the  lower  end  of  the  steering  knuckle  which 
makes  it  possible  to  turn  the  wheel  with  minimum  exertion  on 
the  part  of  the  operator.  When  the  wheel  is  moved  by  the 
steering  knuckle  the  frame  carrying  the  spur  drive  pinion  turns 
as  well,  but  owing  to  the  universal  joint  the  drive  is  not  inter- 
rupted and  the  wheels  are  all  driven  regardless  of  whether  they 
are  in  a  straight-ahead  position  or  at  an  angle  to  steer  the  car. 
Other  vehicles  have  been  evolved  and  applied  as  tractors  for 
fire  department  service  where  the  drive  is  through  the  front 
wheels  only,  these  members  being  very  similar  in  construction 
to  the  form  described. 

Four-Wheel  Drive  Truck  Details.— In  the  four-wheel  drive 
chassis  construction,  shown  at  Fig.  221,  the  transmission  system 
calls  for  front  and  rear  axles  of  different  design.  The  front  axle, 
which  is  shown  at  Fig.  222,  is  of  the  type  where  the  wheels  must 
have  combined  directive  and  tractive  functions — i.e.,  it  must  be 
possible  to  displace  these  angularly  with  relation  to  the  axle  for 
steering  purposes  and  at  the  same  time  transmit  power  to  them 
while  they  are  so  displaced.  This  is  accomplished  by  interposing 
universal  joints  in  the  driving  system,  having  these  members 
installed  in  housings  so  that  the  center  line  of  the  universal  joint 
coincides  approximately  with  that  of  the  steering  knuckle.  A 
drive  shaft  extends  from  the  differential  gear  to  the  steering 
knuckle,  and  a  short  shaft  transmits  the  power  from  that  point 
through  the  hollow  wheel  supporting  member  to  the  hub  drive 
clutch.  The  rear  axle,  which  is  shown  at  Fig.  223,  is  a  consider- 
ably simpler  construction,  because  it  is  used  only  for  transmit- 
ting power  to  the  wheels  and  follows  conventional  live  axle 
construction.  It  is  a  full  floating  type  in  which  the  wheels  are 
supported  by  bearings  on  the  axle  housing  and  the  drive  shafts 
extending  from  the  bevel  gear-driven  differential  are  called  upon 
rmly  to  transmit  power  and  not  to  carry  any  of  the  weight  of 
the  truck  or  its  load. 

Mr.  H.  A.  Lewis,  of  Billings,  Montana,  with  an  F.  W.  D.  stock 
chassis,  rode  up  a  66%  per  cent  grade  to  demonstrate  the  tractive 
power  of  this  type  of  truck  as  shown  at  Fig.  224.  coming  to  a 
iull  stop  at  four  different  stages,  and  started  again  from  these 
positions  without  requiring  one  inch  of  start.    The  motor  did 
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Fig.  224.— Photographs  Showing  the  Test  of  Four-Wheel  Drive  Truck 
on  a  Special  Incline.  A — Shows  the  Start  of  the  Climb.  B — Shows 
the  Truck  Half-way  Up  the  Incline,  and  C  Shows  It  Just  Going 

"Over  the  Top." 
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not  labor  at  any  stage.  Mr.  Lewis  has  tried  this  same  feat  with 
many  rear-driven  trucks,  but  none  have  ever  succeeded  in  get- 
ting the  rear  wheels  even  to  the  grade.  One  track-laying  tractor 
did  the  trick,  but  could  not  stop  on  the  incline  and  start  again. 

An  exact  measurement  of  the  platform  was  made  after  the 
performance,  and  the  observers  found  the  base  to  be  18  feet  long, 


Radiator  Steering 


Tractive  and  Directive  Member 


Fif.  225.— Sectional  View  of  Front  Portion  of  Foreign  Motor  Truck 
Chassis  Employing  Front  Wheel  Drive. 

the  height  of  the  platform  at  the  top  12  feet,  and  the  slope  21 
feet  7%  inches.  This  gives  an  angle  at  the  base  of  33  degrees 
41  minutes  which,  when  translated  into  percentage  of  grade, 
gives  66%  per  cent. 

Front-Wheel  Drive  System. — In  some  forms  of  vehicles  the 
front  wheels  only  are  employed  for  driving,  even  when  the  power 
»s  derived  from  a  gasoline  engine  and  transmitted  to  the  wheels 
by  some  form  of  mechanical  transmission  instead  of  by  a  more 
flexible  medium,  such  as  electric  current.  The  front  end  of  a 
truck  of  this  nature  is  clearly  outlined  at  Fig.  225,  and  this  is 
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really  a  tractor  that  becomes  an  integral  part  of  the  vehicle  to 
which  it  is  joined.  The  power  is  derived  from  the  conventional 
form  of  four-cylinder  water-cooled  motor  which  delivers  its 
power  to  a  gearset  combined  with  a  countershaft  which  is  shown 

Differential 


Fig.  226. — Plan  View  of  Front  Wheel  Drive  Truck  Showing  Location  of 
Power  Plant,  Countershaft  Assembly  and  Other  Parts. 

in  the  plan  view  at  Fig.  226.  As  far  as  the  location  of  the  power 
plant  and  gearset  goes  and  the  method  of  coupling  these  mem- 
bers together,  the  construction  follows  conventional  practice.  The 
difference  is  that  instead  of  the  drive  being  from  the  sprockets 
at  the  end  of  the  countershaft  member  to  the  rear  wheels,  the 
chains  go  to  the  front  end  of  the  car  and  drive  the  front  wheels, 
which  form  part  of  an  axle  of  peculiar  design. 
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One  end  of  the  distinctive  axle  construction  is  shown  at  Fig. 
227,  and  in  this  the  wheels  are  mounted  in  such  a  way  that  the 
steering  is  not  interfered  with  while  the  power  may  be  trans- 
mitted efficiently,  regardless  of  the  degree  of  inclination  of  the 
wheel.  The  axle  consists  of  a  substantial  forged  member  having 
the  wheel  carrier  mounted  in  a  knuckle  of  the  Mercedes  type. 


Fig.  227. — How  Power  May  Be  Transmitted  to  Combine  Drive  and  Steer- 
ing Wheel  Without  Using  Universal  Joints. 


The  knuckle  spindle  bolt  is  in  reality  a  driving  shaft  having 
l»evel  pinions  at- each  end.  The  upper  of  these  bevel  pinions  is 
in  mesh  with  another  member  of  the  same  size  carried  by  a  bear- 
ing member  attached  to  the  axle  which  serves  to  support  a 
driving  shaft  which  joins  the  sprocket  at  one  end  to  the  bevel 
gear  at  the  other.  The  wheel  is  driven  by  a  bevel  gear  which 
is  rigidly  secured  to  the  wheel  hub,  and  which  meshes  with  the 
bevel  pinion  at  the  lower  end  of  the  intermediate  drive  shaft 
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Fig.  228. — Special  Test  Device  Used  by  Service  Truck  Manufacturers  for 
Giving  Chassis  the  Equivalent  of  a  Road  Test  Before  Delivery. 
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that  forms  the  steering  knuckle  bolt.  The  power  is  thus  trans- 
mitted from  the  sprocket,  rigidly  mounted  on  the  axle  through 
the  medium  of  the  bevel  gearing  and  intermediate  shaft  to  the 
driving  member  attached  to  the  wheel  hub.  It  will  thus  be 
apparent  that  the  bevel  gears  on  the  intermediate  shaft  trans- 
form the  rotation  of  the  horizontal  shaft  to  an  equivalent  rotary 
movement  of  the  vertical  intermediate  drive  shaft. 

With  the  gear  construction  described,  it  will  be  possible  to 
transmit  power  without  interruption  and  with  no  more  loss 
when  the  wheel-carrying  member  is  at  an  angle  than  when  it  is 
in  the  straight-ahead  position.  When  the  steering  knuckle  is 
turned  by  the  arm  bolted  to  it,  which  is  controlled  by  the  usual 
form  of  tie-bar  and  drag-link,  as  in  conventional  constructions, 
the  driving  gears  do  not  vary  their  relationship  because  the  verti- 
cal intermediate  drive  shaft  is  mounted  in  such  a  way  that  it  is 
independent  of  the  movement  of  the  wheel-carrying  member. 
It  is  claimed  that  the  opportunity  for  power  loss  is  considerably 
less  with  this  system  when  the  wheels  are  placed  at  an  angle 
for  steering  than  is  the  case  when  the  drive  is  through  universal 
joints.  The  advantage  of  driving  a  vehicle  by  the  front  wheels 
is  that  liability  of  skidding  is  considerably  reduced,  and  that  the 
wheels  serve  to  pull  instead  of  push  the  vehicle.  The  front  wheel 
drive  system  may  be  applied  to  chassis  forms  where  it  would 
he  extremely  difficult  to  use  the  rear  wheel  mechanical  drive 
on  account  of  having  a  very  low  carrying  platform,  as  would  be 
the  case  in  vehicles  designed  to  carrv  bulkv  merchandise  and 
heavy  materials.  The  front  wheel  drive  system  permits  one  to 
attach  a  low  gear  directly  to  the  tractor  frame,  and  obtain  in 
this  way  an  efficient  and  effective  motor  vehicle  for  carrying 
heavy  loads. 

Testing  Motor  Truck  Drive  System. — Stationary  or  "block" 
testing  is  considered  one  of  the  vital  necessities  of  motor  truck 
^n^ine  manufacture.  Test  rooms  are  fitted  up  and  machinery 
installed  for  the  purpose  of  "running  in"  each  engine  "on  the 
Mock"  before  it  can  be  considered  O.  K.  for  mounting  in  the 
chassis.  The  engine  is  run  on  its  own  power  under  the  observa- 
tion of  engine  experts,  who  detect  any  defects  which  may  ap- 
l»ear.  and  make  the  adjustments  necessary  to  secure  perfect 
operation  of  the  engine. 

The  Service  Motor  Truck  Company  not  only  makes  stationary 
tests  of  each  engine  before  it  is  put  into  the  chassis,  but  it  also 
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applies  similar  principles  to  the  testing  of  the  whole  driving 
mechanism  of  the  truck.  At  the  point  in  truck  manufacture 
when  other  makers  send  their  truck  out  for  road  test,  SERVICE 
trucks  are  given  the  "stationary"  road  test  which  enables  the 
expert  to  detect  and  correct  any  faults. 

The  method  of  carrying  on  the  test  is  simple,  yet  efficient. 
The  truck  is  driven  over  a  pit  in  the  concrete  floor  of  the  as- 
sembly building,  until  the  rear  wheels  of  the  truck  rest  each 
Upon  a  set  of  two  large  rollers,  as  shown  at  Fig.  228.  The 
forward  end  of  the  lever  arm,  which  is  shown  just  back  of  the 
truck  in  the  photograph  above,  is  fastened  to  the  frame  just 
over  the  rear  axle  by  means  of  chains  and  wood  blocks.  To  the 
other  end  of  the  lever  arm  an  air  hoist  is  attached  and,  when 
all  is  ready,  the  hoist  exerts  a  pull  on  the  lever  just  sufficient 
to  cause  a  pull-down  on  the  frame  equal  to  the  rated  load  capacity 
of  the  truck.  The  engine  is  then  started  and  the  transmission 
thrown  into  gear  in  the  usual  manner  of  starting.  The  truck 
remains  stationary  and  the  action  of  the  rear  wheels  is  absorbed 
in  revolving  the  rollers  on  which  they  rest. 

At  this  point  the  action  of  the  truck  is  closely  watched.  The 
axles  and  springs  are  under  load.  The  engine  and  driving  mem- 
bers are  working  against  certain  resistance.  Bearing  adjust- 
ments are  tested,  alignment  of  the  wheels  is  noted,  and  brake 
bands  are  adjusted.  If  the  axle  housing  gets  too  warm  over 
any  bearing  then  something  is  binding,  or  the  lubrication  is  not 
satisfactory.  If  a  noise  develops,  adjustments  are  made.  If  a 
wheel  does  not  run  true,  it  is  removed,  and  many  other  thing* 
are  noted  which  it  would  be  difficult  to  detect  when  bumping 
along  the  road. 

A  Six-Wheeled  Truck. — The  development  of  the  pneumatic 
tire  for  motor  trucks  has  had  an  important  influence  upon  the 
design  of  the  trucks  themselves.  One  of  the  problems  intro- 
duced was  how  to  equip  heavy  tonnage  trucks  with  pneumatics 
The  Goodyear  Company  has  produced  successful  pneumatic 
truck  tires  up  to  and  including  twelve-inch  sizes,  the  largest  size 
being  suitable  for  the  rear  of  five-ton  trucks.  The  fact  that  this 
tire  is  quite  heavy  and  unwieldy  brought  about  the  considera- 
tion of  the  application  of  four  small  sizes,  instead  of  two  large 
tires  in  the  rear.  This  truck  and  its  main  features  were  de- 
scribed in  the  "S.  A.  E.  Bulletin"  by  E.  W.  Templin,  and  excerpts 
from  his  complete  article  follow: 


Digitized  by  Google 


SLv  Wheeled  Truck  Details 


369 


"It  was  recognized  that,  while  it  is  possible  to  build  success- 
fully pneumatic  tires  up  to  twenty-inch  diameter,  it  would  be 
useless  to  build  them  above  twelve-inch  diameter  if  that  was 
the  limit  permitting  of  convenient  handling  in  service.  The 
service  for  which  pneumatics  could  be  used,  then,  would  be 
limited  to  five-ton  capacity  trucks.  Adapting  four  tires  to  the 
rear  of  the  motor  truck,  then,  opens  up  the  possibility  of  ex- 
pansion from  five-ton  capacity  to  at  least  ten-ton  capacity. 

Dual  tires,  while  successful  in  a  few  cases  and  classes  of 
service,  and  up  to  five  inches  in  size,  should  not  be  considered 


Pig.  228A.— Six- Wheeled  Motor  Truck  Used  in  Experiments  by  The 

Goodyear  Company. 


for  uses  on  3j^-,  5-,  7-  and  10-ton  capacity  trucks  for  the  fol- 
lowing reasons: 

1.  Inequalities  of  the  road  always  throw  an  undue  proportion 
«>f  the  load  on  one  or  the  other  tires ;  therefore,  one  of  them 
would  be  carrying  more  than  fifty  per  cent  of  the  load. 

2.  In  case  of  puncture  all  the  strain  is  thrown  onto  one  tire, 
and  the  car  may  be  driven  for  some  time  without  the  driver 
being  aware  of  the  puncture,  causing  the  destruction  of  both 
tires. 

3.  In  running  over  rough  and  stony  Toads,  the  chances  of 
picking  up  rocks  and  thereby  getting  bad  cuts  is  much  greater 
than  with  the  single  tire. 
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4.  In  the  case  of  puncture  of  the  inside  tire  it  is  necessary  to 
remove  both  tires. 

5.  While  it  is  possible  to  connect  the  valve  stems  of  the  two 
tires  in  order  to  equalize  the  air  pressure,  there  would  remain 
the  objection  that  when  one  of  them  becomes  punctured  both 
would  go  flat,  making  it  the  more  difficult  to  locate  the  trouble. 
Also,  when  striking  obstructions,  the  flow  of  air  from  one  tire 
to  the  other  would  be  too  slow  to  make  satisfactory  equalization. 


Fig.  228B.— Side  View  of  Rear  Truck  of  Six  Wheel  Commercial  Car 

Having  Four  Wheel  Drive. 


6.  Difficulty  of  getting  satisfactory  rim  equipment. 

7.  Difficulty  of  extreme  width  which  puts  severe  stresses  on 
the  axle  shaft. 

8.  Interference  of  inner  valve  stem  with  brake  drum. 

The  other  alternative  is  the  application  of  wheels  in  tandem 
to  the  rear  of  the  truck.  Goodyear's  first  attempt  at  an  appli- 
cation of  this  kind  consisted  mainly  of  an  ordinary  worm  drive 
rear  axle  equipped  with  walking  beams  at  each  end,  upon  which 
were  mounted  the  four  rear  wheels,  each  driven  by  chain  from 
the  main  axle. 

They  were,  however,  inconvenienced  by  the  chains  jumping 
off,  and  were  not  able  to  get  a  brake  mechanism  that  would 
work.  The  main  point  against  the  design  was  its  enormous 
weight.  But  it  served  to  show  us  that  satisfactory  tire  mileage 
could  be  secured  from  such  an  arrangement,  and  that  there  was 
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a  good  possibility  of  adapting  four  small  tires  in  tandem  to  the 
rear  of  a  motor  truck. 

In  order  to  further  develop  this  point,  the  tandem  axle  con- 
struction shown  in  Figs.  228B  and  D,  was  built.  This  construc- 
tion appears  to  have  good  possibilities,  and  has  at  present  oper- 
ated some  10,000  miles,  2,000  of  which  were  on  very  severe  and 
rough  roads  under  full  load. 

Specifications. — Carrying  capacity,  5  tons ;  wheelbase,  180 
inches  (measured  from  center  of  front  wheel  to  center  between 
rear  wheels);  tires,  40x8  inches,  pneumatic  all  around. 


Fig.  228C— One  of  the  Worm  Drive  Rear  Axles  of  the  Goodyear  Six 

Wheeled  Truck. 


Engine :  Hercules  Model  T3,  5-inch  bore,  6-inch  stroke,  4  cyl- 
inders; location,  under  hood;  crankshaft  bearings,  5;  horsepower 
rating,  40;  torque,  3,200  in.-lb.  at  1,200  r.p.m. ;  cylinders  cast  in 
pairs;  valves  placed  on  left;  water  circulation  by  pump;  radiator, 
Modine  "Spirex";  ignition,  Eisemann  magneto;  governor,  none; 
carburetor,  Stromberg;  lubrication,  force  feed;  motor  suspension, 
^-point ;  motor  weight,  1,016  pounds;  valve  diameter,  2l/&  inches; 
crankshaft  diameter,  2}£  inches;  crankshaft  bearings  (Nos.  1 
t"  5  >.  2-V£  x  2J4  inches,  2#j  x  2*4  inches,  2}i  x  2y$  inches,  2y%  x 
inches  and  2^x4  inches;  camshaft  bearings  (front,  center 
and  rear).  \%  x  3  inches,  1*4  x  2}4  inches,  ll4  x  1)4  inches;  con- 
necting rod  bearings,  2>»  x  3  inches,  2l/n  xlf^  inches. 

Transmission:  Brown-Lipe  Model  60  U.P.P.  and  auxiliary; 
Brown-Lipe  clutch  Model  60,  multiple  disk  type ;  six  speeds 
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forward  and  two  reverse.  Gear  ratios:  Low,  82;  second,  35.7; 
third,  23.2;  fourth,  20.1;  fifth,  10;  sixth,  5.8;  low  reverse,  99.5; 
high  reverse,  28.4. 

With  an  axle  reduction  of  5.8  to  1  the  low  transmission  re- 
duction becomes  77.2/5.8  or  13.3;  a  reduction  of  14  to  1  is  used 
This  reduction  is  difficult  to  obtain  in  a  conventional  type  of 
transmission,  so  it  was  decided  in  conference  with  transmission 
builders  to  use  a  three-speed  unit  power  plant  transmission  <>n 
the  engine  and  a  two-speed  auxiliary  transmission  placed  amid- 
ships. The  construction  of  the  auxiliary  transmission  is  shown 
clearly  at  Fig.  228,  E. 

Goodyear  tandem  axle  drive,  using  two  Stanpar  Model  603, 
worm  drive  rear  axles  equipped  with  21-inch  diameter  brakes. 
Ratio,  5.8  to  1.  Torque  absorbed  in  tandem  axle  assembly. 
Propulsion  is  taken  by  the  springs  to  the  frame.  There  arc 
four  brake  drums  on  the  rear  wheel  of  each  drum,  21  inches  in 
diameter  and  equipped  with  two  sets  of  shoes  each  2)4  inches 
wide,  which  makes  a  total  width  of  Sl/2  inches. 

Front  axle,  Standard  Parts  Co.  Model  507.  Tire  pump,  Kel- 
logg Model  42,  mounted  on  transmission.  Chassis  weight,  total. 
8,520  pounds;  front,  3,810  pounds;  rear,  4,710  pounds.  Tread, 
front,  66  inches;  rear  61 inches.  Total  weight  (loaded): 
front,  4,520  pounds;  rear,  16,500  pounds.  Fuel  tank  capacity.  50 
gallons  under  seat,  17  gallons  dash  feed  tank.  Oil  tank  capacity. 
10  gallons  under  seat.  Loading  space,  15  feet.  Normal  motor 
speed,  1.200  r.p.m.  Normal  truck  speed,  25  m.p.h.  Turning 
radius.  35  feet. 

After  this  truck  was  built  up  it  was  interesting  to  note  whether 
or  not  it  would  perform  as  expected.  Trial  runs  under  full  load 
and  limited  to  30  m.p.h.  maximum  speed  showed  the  truck 
capable  of  sustaining  an  average  of  21  m.p.h.  on  the  roads  be- 
tween Akron,  Canton  and  Cleveland.  In  one  case  the  truck 
became  "ditched,"  but  it  was  able  to  get  out  under  its  own 
power.  In  another  case  the  truck  pulled  out  a  5-ton  truck 
stuck  at  the  side  of  the  Cleveland  road  (under  Sl/2  tons  load). 
The  Goodyear  truck  pulled  until  the  rear  wheels  slipped  on 
dry  brick  pavement.  In  one  minute  after  making  this  heavy 
pull  the  truck  was  on  its  way  at  25  m.p.h. 
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CHAPTER  VIII 

MOTOR  TRUCK  CHASSIS  PARTS 

Materials  Employed  in  Frame  Construction — Pressed  Steel  Frames — 
Towing  Hooks  at  Rear — Design  of  Leaf  Springs — Automobile  Sus- 
pension Not  New — Radius  Rods  Useful — Alloy  Steels  for  Springs — 
Attachment  of  Springs — Fastening  Springs  to  Axle — Overload 
Snrings — Wick  Oiling  for  Chassis  Parts — Front  Axle  Forms — Steer- 
iig  Gears — Worm  and  Segment  Type — Motor  Truck  Wheels — De- 
mountable Disc  Wheels — Steel  Truck  Wheels — Strength  of  Wood 
and  Metal  Wheels — Wire  Wheels — Spring  and  Resilient  Wheels 
— Advantages  of  Detachable  Wheels — Jaxon  Full  Floating  Wheel — 
Sewall  Cushion  Wrheels — Forms  of  Automobile  Tires — Construction 
of  Pneumatic  Tires — The  Cord  Tire — Rim  Forms — Special  Casing 
Treads — Tools  and  Supplies  for  Pneumatic  Tire  Restoration — Pneu- 
matic Motor  Truck  Tires — Directions  for  Application  of  Truck 
Tires— Features  of  Cushion  Tires— Forms  of  Solid  Rubber  Tires- 
Installing  Solid  Tires— Utility  of  Brakes— Forms  of  Brakes— Ball 
and  Roller  Bearings. 

The  motor  truck  chassis  is  composed  of  a  number  of  parts 
distinct  from  the  power  plant  and  transmission  groups.  The 
important  components  are  the  axles,  the  steering  system,  the 
method  of  power  transmission  to  the  wheels,  the  design  of  the 
frame,  and  the  spring  suspension  means.  The  frame  forms  a 
connecting  link  between  the  motive  power  and  the  parts  which 
serve  to  support  the  body  and  machinery.  Formerly  frames 
were  made  in  many  different  styles  and  a  number  of  different 
materials  were  utilized  in  their  construction.  At  the  present 
time  the  practice  has  crystallized  to  a  point  where  certain  con- 
duction has  been  definitely  accepted  as  the  best,  and  this  is 
generally  followed  in  practically  all  forms  of  motor  cars  and 
trucks.  The  chassis  of  the  White  two-ton  truck  is  shown  at 
Fig.  229,  that  of  the  iy2-  and  5-ton  trucks  of  the  same  make  at 
Fig.  230. 

Materials  Employed  in  Frame  Construction. — The  first  motor 
cars  were  based  somewhat  on  experience  obtained  in  bicycle 

375 

Digitized  by  Google 


376 


The  Motor  Truck 


Motor  Truck  Chassis  Parts 


377 


construction,  and  had  frames  made  of  steel  tubing.  This  material 
was  not  as  suitable  for  motor  car  frames  as  it  had  been  for  the 
lighter  two-wheeled  vehicles,  because  the  multiplicity  of  brazed 
or  welded  joints  necessary  made  the  frame  quite  a  costly  and 
unreliable  proposition.  Then,  again,  the  round  section  of  the 
tubing"  did  not  offer  as  easy  means  of  attaching  the  engine  and 
transmission  units  as  do  those  frames  which  are  composed  of 
members  having  a  rectangular  section.  Tubing  is  used  only  in 
subframe  work  or  for  bracing  members  at  the  present  time,  and 
in  very  few  cases. 

Following  the  use  of  the  tubing,  automobile  builders  used 
angle  iron  and  other  structural  shapes  available  on  the  open 
market.  Other  makers  used  wooden  frame  members,  but  at 
the  present  time  one  rarely  finds  either  structural  iron  or  wood 
used  in  pleasure  cars,  though  both  of  these  materials  have  been 
applied  to  some  extent  in  motor  truck  construction.  The  Frank- 
lin Company  employs  frames  on  all  its  models,  which  are  for 
passenger  carrying  only,  which  are  made  of  laminations  of  spe- 
cially seasoned  and  strong  wood.  The  majority  of  manufac- 
turers, however,  favor  the  use  of  pressed  steel  forms,  that  are 
not  only  light  and  strong,  but  which  have  a  degree  of  flexibility 
which  is  thought  desirable  and  is  not  easily  obtained  with  the 
various  rolled  structural  shapes  in  iron  and  steel. 

Frames  may  be  divided  into  several  main  classes,  as  follows: 
Those  forms  utilizing  pressed  steel  construction,  frames  built 
up  of  iron  structural  shapes,  and  combination  frames  where  two 
or  more  different  methods  of  construction  may  be  combined. 
For  instance,  it  is  possible  to  reinforce  a  wooden  frame  side 
rr.ember  with  a  strip  of  steel  or  iron,  or,  at  the  other  hand,  some 
makers  sometimes  fill  the  channel  of  a  pressed  steel  frame  with 
wood  to  strengthen  it.  Each  of  these  main  divisions  might  be 
again  divided.  Wood  frames  may  be  made  of  a  solid  beam. 
They  may  also  be  composed  of  vertical  or  horizontal  lamina- 
tions, the  former  being  preferred.  Pressed  steel  may  be  made 
into  channels,  angles,  or  modifications  of  these.  The  various 
•tructural  shapes  may  be  utilized  in  the  form  of  plate,  angles, 
T  rail  sections,  and  I-beams. 

Pressed  Steel  Frames. — A  typical  pressed  steel  frame  as  used 
>.Ai  lighter  trucks  built  on  passenger-car  chassis  lines  is  shown 
at  Fig-  231,  and  this  is  the  type  which  is  very  generally  em- 
ployed.   The  frame-side  members  are  two  pressed  steel  forms 
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Fig.  230.— Plan  View  of  Chassis  of  White  Zl/2  and  5-Ton  Capacity  Trucks. 


cambered  at  the  front  ends  and  joined  together  by  a  series  of 
three  cross  braces.  The  front  one  serves  as  a  radiator  support, 
that  in  the  center  provides  anchorage  for  the  torque  tube  of  the 
axle,  while  the  rear  cross  member  projects  on  either  side  of  the 
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frame  and  provides  a  point  of  anchorage  for  the  rear  supporting 
springs.  The  object  of  cambering  the  frame  members  in  front 
is  to  provide  a  greater  angle  of  operation  for  the  front  wheels 
and  to  permit  turning  on  curves  of  smaller  radius  than  would 
be  possible  if  the  frame  members  were  straight  and  movement 
of  the  wheels  limited  thereby. 

The  motor  truck  frames  at  Figs.  232  and  233  are  also  built 
up  of  pressed  steel  side  and  cross  members.  That  at  Fig.  232  is 
of  White  construction  and  has  two  cross  members  to  support 


Running  Board  front 


1  \ 


Springs 


.  Rear  Cross  Member 


iiiif 


- 


Frame  Side 


Pif.  231. — Conventional  Form  of  Pressed  Steel  Automobile  Frame  with 

Cambered  Side  Member  at  Front  End. 


the  gearbox.  The  rear  springs  are  double-shackled.  The  frame 
assembly  of  the  Bethlehem  truck  shown  at  Fig.  233  is  more 
complete  because  the  brake-actuating  rods  are  shown.  A  unit 
power  plant  is  installed  in  this  truck  frame,  so  three  points  of 
support  are  provided  as  outlined.  Attention  is  directed  to  the 
-emi-elliptic  rear  spring  supports ;  these  are  shackled  only  at  the 
ivar  hanger  as  Hotchkiss  drive  is  employed. 

Towing  Hooks  at  Rear. — When  a  motor  truck  is  to  be  used 
with  trailers,  the  rear  end  of  the  frame  should  be  provided  with 
i  special  form  of  spring  coupler,  or  towing  hook,  and  must  be 

raced  with  substantial  pressed  steel  members  extending  from 
'he  side  rails  to  the  rear  cross  member.  The  spring  absorbs 
*iuch  of  the  shock  incidental  to  starting  a  loaded  tractor  and 
relieves  the  frame  of  some  strain.  The  towing  hook  shown  at 
Fig.  234  is  that  provided  on  Nash  truck  frames. 
Design  of  Leaf  Springs. — The  leaf  springs  used  for  the  sus- 

•  :w*n  of  road  vehicles  consist  of  several  layers  <>t  long,  narrow 
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steel  plates  so  shaped  that  when  laid  together  they  form  super- 
imposed arcs  of  as  many  circles  of  large  radius  as  there  are 
leaves.  The  spring  effect  is  obtained  by  the  elasticity  of  the 
metal  used,  which  is  increased  in  value  by  a  process  of  heat 
treatment  known  as  tempering.    The  leaves  are  usually  gradu- 


[TrocA  Frame  Side 


Fig.  234. — Diagrams  Detailing  Designs  of  Towing  Hook  in  Rear  of  Motor 

Truck  Frame. 

ated  in  thickness,  being  thicker  at  the  center  and  tapering  from 
the  center  to  the  ends. 

The  reason  for  following  a  common  line  or  arc  when  a  spring 
is  composed  of  more  than  one  leaf  is  that,  as  all  of  the  leaves 
are  deflected  at  once  by  the  load  and  as  the  tendency  is  to 
straighten  out  the  curved  member,  they  should  slide  upon  one 
another  when  altering  their  shape  in  such  a  manner  that  the 
leaves  will  always  be  in  contact  with  the  neighboring  leaf  at  all 
points.  If  the  curvature  of  the  leaves  differed  appreciably,  the 
tendency  of  the  plates  under  load  would  be  to  straighten  out  and 
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separate,  and  the  load  would  only  be  carried  on  those  members 
which  were  in  contact  at  all  points.  This  would  be  undesirable 
because  it  would  cause  a  loss  of  spring  action  and  would  also 
result  in  frequent  breakage. 

When  an  automobile  chassis  is  suspended  on  springs  the  frame 
will  move  in  various  directions.  There  is  a  certain  amount  of 
forward  and  backward  end  throw,  an  element  of  side  sway,  and 
the  up  and  down  motion  caused  by  the  deflection  and  recoil  of 
the  spring.  The  object  of  an  efficient  spring  suspension  should 
be  to  minimize  the  end  throw  and  side  sway  as  much  as  possible 
and  yet  preserve  the  freedom  of  movement  of  the  spring.  It  is 
tor  this  reason  that  the  semi-elliptic  form  is  so  popular  for  front 
suspension  on  nearly  all  automobiles  and  for  all-around  support 
on  most  trucks.  It  is  a  stiffer  member  than  the  others  and  is 
better  adapted  to  carry  the  weight  of  the  power  plant  without 
side  sway  and  to  keep  the  front  axle  in  that  relation  with  the 
steering  mechanism  necessary  to  secure  the  best  action. 

Automobile  Spring  Suspension  Not  New. — In  general,  the 
methods  of  suspension  employed  by  automobile  designers  fol- 
low closely  those  that  have  been  used  for  a  number  of  years 
by  manufacturers  of  horse-drawn  vehicles.  When  elliptic  or 
semi-elliptic  springs  of  the  ordinary  description  are  used  one 
will  see  that  in  most  light  horse-drawn  carriages  but  two  are 
employed,  one  being  placed  over  each  axle  and  parallel  with  it. 
In  motor  cars  one  seldom  finds  a  single  spring  used  for  suspen- 
sion at  both  ends.  Usually  if  one  spring  is  placed  in  this  manner 
over  one  of  the  axles,  there  are  generally  two  arranged  in  the 
conventional  manner  over  the  other  axle  to  provide  a  three-point 
support.  A  notable  exception  is  the  Ford  truck,  which  employs 
a  single  cross  spring  at  each  end  of  the  frame. 

When  only  one  spring  is  used  in  this  manner,  radius  or  dis- 
tance rods  are  required  to  maintain  a  fixed  distance  between  the 
axle  and  the  frame  at  the  front  of  the  car,  and  more  substantial 
members  of  the  same  character,  which  will  have  to  take  the 
driving  torque  effect  as  well  as  the  braking  stresses,  will  be 
required  for  the  rear  end.  This  makes  two  sets  of  radius  rods 
necessary  on  each  car.  Most  automobile  designers  favor  the  use 
of  two  semi-elliptic  springs  at  the  front  end,  because  with  these 
there  will  be  no  need  of  using  radius  rods,  as  the  springs  are 
capable  of  maintaining  the  proper  relation  between  the  axle  and 
the  frame  as  well  as  resist  the  pushing  or  pulling  effect 
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(depending  upon  location  of  shackle)  due  to  vehicle  movement, 
which  would  otherwise  have  to  be  taken  by  radius  rods. 

Radius  Rods  Useful. — With  practically  all  forms  of  rear  sus- 
pension, especially  in  those  which  utilize  the  elliptical  forms  of 
springs,  the  inevitable  forward  throw  makes  the  use  of  radius 
rods  desirable  on  heavy  cars  and  trucks,  such  as  shown  at  Fig. 
2.^5,  though  good  results  are  being  secured  by  using  the  Hotch- 
kiss  drive  system  with  specially  designed  semi-elliptic  springs, 


Fig.  236. — Rear  End  of  Truck  Frame,  Showing  Hotchkiss  Drive. 


as  at  Fig.  236.  It  is  necessary  that  the  proper  distance  be 
maintained  between  the  motor  mounted  on  the  frame  and  the 
rear  axle,  where  the  power  is  applied  to  the  wheels.   The  amount 

f  play  permissible  is  governed  entirely  by  the  character  of  the 
driving  system,  and  with  some  forms  there  can  be  more  latitude 
of  movement  than  possible  with  others.  In  nearly  all  cases, 
however,  it  is  essential  that  very  nearly  a  fixed  distance  be  main- 
tained, or  there  will  be  injurious  stresses  on  the  sprockets,  chains, 

r  gears,  with  attendant  loss  of  power. 

Alloy  Steels  for  Springs. — A  factor  that  has  become  very  im- 
portant is  the  selection  of  suitable  alloy  steels  for  the  construc- 
tion of  the  springs.  The  rapid  development  of  high-powered 
automobiles  which  are  capable  of  extremely  high  speeds  had 
made  the  development  of  more  resisting  and  elastic  steels  im- 
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perative,  as  the  open  hearth  metal  of  standard  analysis  used  in 
the  manufacture  of  carriage  springs  would  not  make  satisfactory 
supporting  members  under  the  severe  conditions  imposed  by  the 
modern  automobile.  For  this  reason,  various  alloy  steels,  such 
as  vanadium  and  silicon  steel  and  mixtures  of  iron,  carbon, 
chromium,  and  nickel  have  been  developed  especially  for  fabri- 
cation into  springs. 

Among  the  other  functions  of  springs,  they  reduce  to  a  cer- 
tain extent  the  traction  resistance.    When  the  driving  wheels 


Fig.  237.— Methods  of  Attaching  Semi-Elliptic  Front  Springs. 


meet  obstacles  the  shock  produced  depends  upon  the  inertia  of 
the  axle  and  that  of  the  wheel  which  comes  into  contact  with 
the  impending  substance  plus  the  resistance  of  the  springs,  which 
factor  varies  with  the  elasticity  and  design.  If  the  springs  are 
not  sufficiently  resilient  the  shock  will  lift  a  portion  of  the  car 
as  well  as  the  wheel  and  axle,  whereas  if  elastic  members  are 
employed,  only  the  axle  and  spring  will  be  affected.  It  is  patent 
that  more  power  is  required  to  surmount  obstacles  when  stiff 
springs  are  employed,  and  part  of  the  power  delivered  by  the 
engine  which  might  be  used  to  better  advantage  in  propelling 
the  car  is  absorbed  in  overcoming  the  obstacle. 

Attachment  of  Springs. — The  attachment  of  springs  to  the 
frame  and  axle  is  a  phase  of  the  suspension  problem  that  is 
important.    The  front  end  of  the  front  springs  is  usually  pivoted 
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directly  to  the  frame  in  spring  horns  forming  a  portion  of  the 
frame-side  member.  The  free  end  of  the  spring  is  connected  to 
the  frame  by  a  shackle  to  allow  the  necessary  motion  (see  Fig. 
237,  A  and  B).  The  rear  springs  are  usually  attached  to  the 
frame  in  a  different  manner  than  the  front  member,  because  to 
secure  maximum  efficiency  the  rear  springs  should  be  called 
upon  only  to  support  the  load,  and  they  should  be  relieved  of 
all  traction  and  torsional  forces  by  suitable  torque  members  or 
radius  rods.    If  springs  of  the  semi-elliptic  type  are  used  with 


Fig.  238. — Front  Suspension  of  Selden  Truck,  Showing  Axle  and  Springs. 

radius  rods  it  is  advisable  to  double-shackle  them,  as  shown  at 
Fig.  235.  The  front  suspension  of  the  Selden  3^-ton  truck  is 
clearly  shown  at  Fig.  238,  which  also  gives  a  splendid  view  of  the 
front  axle  and  method  of  attaching  springs  to  pads  forged  in- 
ttgrally  with  that  member. 

Fastening  Springs  to  Axle. — The  method  of  fastening  the 
springs  to  the  axle  is  by  means  of  clips  very  similar  to  those 
that  are  used  in  carriage  construction,  as  shown  at  Fig.  239,  B, 
and  Fig.  240,  but  they  are  usually  heavier  and  of  better  material. 
The  spring  rests  upon  a  piece  of  leather  or  wood  placed  between 
it  and  the  supporting  pad  on  the  axle,  and  this  material  is  usually 
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curved  enough  to  conform  with  the  arc  of  curvature  of  the 
spring.  This  cushion  is  interposed  between  the  two  elements 
for  two  reasons,  one  of  these  being  to  avoid  the  strain  which 
would  be  imposed  upon  the  spring  if  attempt  was  made  to 
attach  it  directly  to  the  flat  or  slightly  curved  spring  pad  on  the 
axle.  The  other  reason  is  that  the  cushion  provides  a  more 
rigid  fastening  because  there  is  a  certain  amount  of  friction 
between  the  spring  and  the  wood  or  leather  piece  which  pre- 


Fig.  239. — A — Defining  Designation  of  Finishes  of  Spring  Leaf  Ends. 
B — Showing  Construction  of  Spring  Retaining  Clip.  C — Section  of 
Spring  Shackles  Using  Lubricated  Shackled  Bolts. 


vents  slipping  of  the  fastening.  Authorities  agree  that  springs 
should  never  be  fastened  by  means  of  bolts  passing  through  the 
leaves,  as  this  will  make  a  weak  place  in  the  spring  which  may 
break  if  stressed  unduly  at  this  point. 

Overload  Springs. —  In  some  trucks  overload  is  guarded 
against  to  a  certain  degree  by  the  use  of  overload  springs,  as 
shown  at  Fig.  241.  This  is  used  on  International  Harvester 
Trucks,  and  is  extremely  simple  and  effective  in  construction. 
A  quarter  elliptic  spring  is  attached  to  each  side  member  in  such 
a  position  that  its  end  will  bear  on  a  special  pad  clipped  to  the 
dead  axle  by  a  yoke  bolt.    This  is  called  a  "striking  block." 
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When  the  truck  is  loaded  so  the  main  springs  might  take  a 
reverse  camber  when  the  truck  goes  over  an  obstruction  or  into 
a  "chuck"  hole  in  the  road  at  high  speed,  the  auxiliary  or  over- 


Fig.  240. — Typical  Front  Axle  and  Spring  Assembly  for  Motor  Trucks. 


load  springs  come  into  play  and  relieve  the  main  springs  of 
some  of  their  load,  and  thus  prevent  excessive  deformation  or 
deflection  with  a  corresponding  diminution  of  the  rebound  or 


SlM.it  ti«k«i«r»lik«" 


Fig.  241.— Overload  Spring  of  I.  H.  C.  Motor  Truck. 

reaction.  The  construction,  method  of  attachment  and  utility  is 
so  clearly  shown  that  it  calls  for  no  further  comment. 

Wick  Oiling  for  Chassis  Parts. — For  some  time  past  automo- 
bile designers  have  sought  to  provide  some  simple  form  of 
automatic  lubrication  system  for  the  usually  neglected  parts  of 
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the  car  chassis,  such  as  the  spring  bolts,  brake  connections, 
radius  rod  bolts,  spring  shackles  and  other  out-of-the-way  parts. 
While  oil  is  not  an  ideal  lubricant  for  heavily  loaded,  slow- 
moving  bearing  surfaces,  it  has  the  advantage  over  grease  of 
being  fed  by  capillary  attraction,  while  grease  needs  pressure 


Fig.  242.— Details  Showing  How  Wick  Oiling  Is  Applied  to  Motor  Truck 

Frame  Parts. 


to  force  it  to  the  bearings,  and  if  this  pressure  is  not  applied, 
the  grease  will  not  flow.  The  method  employed  is  to  cast  or 
otherwise  form  oil  reservoirs  integral  with  the  supporting  bear- 
ings, and  to  have  a  wick  run  from  the  oil  through  the  hollow 
bolt  or  shaft  that  is  to  be  lubricated,  as  outlined  at  Fig.  242. 
The  wick  draws  up  oil  constantly  which  is  supplied  the  bearing 
by  suitable  drilled  holes  in  bolt  or  shaft.  Naturally,  such  a  de 
vice  is  automatic  in  action,  and  as  the  reservoir  may  hold  enough 
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for  several  weeks'  operation,  the  truck-driver  is  not  called  upon 
to  give  the  oiling  means  frequent  attention  and  the  essential 
lubricating  process  is  not  apt  to  be  neglected.  As  the  parts  thus 
oiled  automatically  are  those  that  wear  out  and  make  noise  when 
the  car  is  operated,  any  system  that  insures  a  regular  supply  of 
oil,  and  consequent  diminution  of  depreciation,  is  worth  while. 
It  is  believed  that  many  of  the  new  models  will  have  some  such 
automatic  oiling  means  for  chassis  parts. 

Spring  Pin  Lubrication. — The  new  model  Bessemer  truck  is 
provided  throughout  with  wick  oiling  reservoirs  on  all  spring 
pins  and  also  on  all  four  rear  shackles,  so  that  instead  of  turning 
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Fig.  243. — Typical  Motor  Truck  Axle,  Showing  Use  of  Roller  Bearings 

in  Wheel  Hub. 

the  grease  cup  every  day  and  refilling  every  week,  the  driver  is 
merely  obliged  to  fill  the  oil  reservoirs  once  a  month.  The  oil- 
ing action  is  automatic.  Additional  advantage  of  wick  lubrica- 
tion is  that  where  grease  cups  are  used,  or  even  liquid  lubrication 
without  wicks,  a  large  amount  of  grit  is  introduced  into  the 
bearings  with  the  grease  owing  to  the  fact  that  the  grease  cups 
are  always  coated  with  sand  and  dirt.  With  the  wicks,  how- 
ever, this  is  of  small  jnoment,  as  the  wick  acts  as  a  filter  and 
drains  out  any  grit  that  may  get  into  the  reservoir,  preventing 
t  from  reaching  the  wearing  surface. 

The  rear  spring  shackles  are  provided  with  an  oil  reservoir 
in  the  shape  of  an  annular  space  between  the  shackle  itself  and 
the  shackle  bushing,  as  shown  at  Fig.  242.  A  lubricator  is  placed 
in  the  top  of  the  bushing  barrel  for  filling,  and  a  wick  is  situated 
in  the  top  of  the  bushing  so  that  as  the  motion  of  the  truck  agi- 
tates the  oil  the  wick  becomes  saturated  and  so  feeds  to  the 
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wearing  surface.  In  this  way  lubrication  stops  as  soon  as  the 
truck  stops  and  the  amount  of  lubrication  will  be  in  direct  pro- 
portion to  the  amount  of  vibration  or  movement  of  the  shackle, 
which  is  what  is  required. 

Front  Axle  Forms. — Various  front  axle  constructions  used  in 
automobiles  follow  a  common  design  and  the  same  general  prin- 
ciple of  action  prevails  in  all.   Front  axles  differ  from  each  other 


Fig.  244.— Sectional  View  of  Steering  Knuckle  of  L  H.  C.  Truck  at  A 
and  Method  of  Installation  in  Front  Axle  Shown  at  B. 


only  in  matters  of  minor  constructional  detail,  such  as  the  type 
of  steering  knuckles  used  and  whether  the  axle  is  a  one-piece 
forging  or  a  built-up  structure.  An  axle  of  good  design  is  shown 
at  Fig.  24.^.  This  is  composed  of  a  one-piece  I-section  drop 
forging  of  steel  which  has  the  advantage  of  having  the  steering- 
knuckle  yokes  and  the  spring  pads  formed  integral.  This  is  the 
type  most  generally  used,  because  it  is  exceptionally  strong,  and 
when  properly  designed  is  not  unnecessarily  heavy. 
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One  of  the  front  hubs  generally  used  is  shown  in  section  in  the 
view  of  the  axle  end  depicted  at  A,  Fig.  244.  The  hub  is  mounted 
on  taper  roller  bearings,  which  in  turn  are  supported  by  the 
spindle  which  forms  part  of  the  steering  knuckle.  A  long 
through-bolt  passes  through  the  steering  knuckle  and  acts  as  a 
bearing  for  it  to  swivel  on.    Steering  arms  project  from  each 


Fig.  245. — Steering  Knuckle  Construction  of  Packard  Motor  Trucks. 

knuckle  and  are  joined  together  by  a  tie-bar,  as  outlined  at  Fig. 
244,  B.  The  axle  end  at  Fig.  245  is  that  used  on  Packard  motor 
trucks,  and  in  this  case  the  steering  knuckle  construction  is  what 
is  known  as  an  inverted  Elliot  type.  In  this  construction  the 
yoke  is  forged  integrally  with  the  steering  spindle  instead  of  on 
the  axle  ends,  as  at  Fig.  244. 

In  order  to  actuate  the  steering  knuckles,  suitable  mechanism 
that  will  be  easily  operated  must  be  placed  convenient  to  the 
driver.  The  earlier  forms  of  automobiles  were  provided  with 
forms  of  tillers  very  similar  to  those  employed  in  controlling 
boats,  but  while  these  simple  levers  gave  a  certain  degree  of 
satisfaction  on  light  cars  operated  at  slow  speeds,  the  develop- 
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ment  of  the  heavier  vehicles  made  necessary  more  easily  handled 
and  positive  forms  of  steering  gears.  The  disadvantages  of  the 
tiller  are  that  it  may  be  whipped  out  of  the  operator's  hands  by 
road  irregularities,  and  it  is  very  tiresome  to  hold  because  of  the 
continual  vibration.    It  is  still  used  on  some  electrics. 

With  the  modern  forms  of  wheel-steering  devices  the  hands 
are  always  in  an  easy  position,  the  wheels  may  be  readily  oper- 
ated, and,  because  of  the  elimination  of  vibration  by  the  feature 
of  irreversibility  provided  by  most  steering  gears  of  conventional 


Fig.  246.— Special  Front  Axle  Equipped  with  Wheel  Brakes. 


construction,  no  road  shock  can  loosen  the  grip  of  the  driver, 
nor  is  he  fatigued  by  continued  movement  of  the  wheel. 

Steering  Gears. — Steering  gears  are  made  in  a  variety  of  forms 
and  all  types  have  their  adherents.  The  accepted  construction 
is  clearly  illustrated  at  Fig.  247.  In  this  the  steering  wheel  is 
attached  to  a  rod  which  carries  a  worm  at  its  lower  end.  This 
worm  meshes  with  a  worm  gear,  to  which  a  steering  arm  is 
attached,  and  a  rotary  movement  of  the  hand  wheel  will  produce 
a  reciprocating  movement  of  the  steering  arm  at  the  lower  end 
of  the  steering  column.  The  steering  arm  is  coupled  to  one  of 
the  steering  knuckles  of  the  front  axle  by  a  connecting  link,  and 
the  movement  imparted  to  the  one  steering  knuckle  is  trans- 
ferred to  the  other  one  by  means  of  the  tiebar  which  joins  them. 
The  parts  of  the  steering  mechanism  of  the  White  truck  are 
clearly  outlined  at  Figs.  248  and  249.  The  former  shows  the 
worm  and  sector  steering  gear;  the  latter  shows  the  shock- 
absorbing  drag  link  construction  and  the  ball  bearing  steering 
plcte  with  hubs  and  brake  drums. 

Some  engineers  who  contended  that  the  worm  and  sector  gear 
were  liable  to  wear  devised  combination  forms  in  which  a  screw 
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and  nut  principle  was  combined,  the  object  being  to  provide  a 
largely  increased  bearing  surface  on  the  threads  and  gear  teeth, 
and  in  this  manner  reduce  depreciation.  A  gear  of  this  type  is 
shown  at  Fig.  250.  The  nut  or  internally  threaded  member  is 
held  from  turning  by  various  methods,  such  as  flattening  one 
side  and  having  this  in  contact  with  the  walls  of  the  casing,  by 
the  use  of  keys  or  dowel  pins,  or  merely  by  the  pressure  of  the 


Fig.  247. — How  Steering  Knuckles  are  Actuated  by  Steering  Gear  by 

Drag  Link. 

rack  and  sector  in  some  of  the  types.  The  advantage  of  this 
form  of  steering  gear  is  that  it  is  wholly  irreversible  and  at  the 
same  time  a  minimum  of  effort  is  needed  on  the  part  of  the 
driver  to  properly  control  a  very  heavy  car.  The  amount  of 
movement  of  the  nut,  up  and  down,  is  regulated  by  the  pitch 
and  angle  of  the  thread,  and  its  rectilinear  motion  is  transformed 
into  an  oscillating  movement  of  the  steering  arm  to  which  the 
drag  link  is  secured. 

Worm  and  Segment  Types. — The  worm  and  segment  type  of 
steering  gear  is  without  doubt  the  most  popular  with  automobile 
manufacturers  of  this  country  and  Europe.  It  is  simple,  com- 
pact, and  positive  in  action.  This  type  of  gear  should  be  main- 
tained in  perfect  adjustment  and  be  well  lubricated  at  all  times. 
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The  greatest  defect  is  the  wear  that  will  exist  between  the  worm 
and  worm-gear  teeth,  and  the  difficulty  of  devising  any  really 
practical  method  of  taking  up  the  play.  The  constant  oscilla- 
tions of  the  vehicle  wheels  will  cause  the  sector  teeth  and  worm 


Fig.  248.— Worm  and  Segment  Steering  Gear  of  White  Motor  Truck. 

thread  to  wear  at  one  place,  which  corresponds  to  the  straight 
ahead  position  of  the  gear. 

This  may  be  taken  up  in  most  forms  by  the  use  of  eccentric 
bushings  in  which  the  sector  shaft  is  mounted,  these  being  moved 
in  such  a  way  that  the  sector  teeth  are  brought  into  closer  en- 
gagement with  the  thread  of  the  worm.  This  method  is  not 
desirable,  because  if  the  eccentric  bushings  are  turned  enough 
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to  take  up  the  lost  motion  existing  between  the  teeth,  the  change 
in  worm-gear  position  would  cause  binding  between  those  por- 
tions which  had  not  worn  as  much  and  which  were  brought  into 
play  only  when  it  was  desired  to  turn  the  wheels  to  nearly  the 
extreme  angular  position.  The  preferred  method  of  construc- 
tion is  that  in  which  a  full  worm  wheel  is  used  instead  of  a  sec- 


Pig.  249.— Drag  Link  and  Steering  Knuckle  of  White  Motor  Truck. 


tor  and  when  wear  occurs  at  one  point  the  worm  wheel  is  re- 
moved, the  hand  wheel  and  worm  are  given  a  complete  turn, 
and  the  worm  wheel  is  replaced  in  such  a  way  that  a  new  set 
of  teeth  on  both  worm  and  worm  gear  will  be  in  mesh. 

With  all  conventional  forms  of  steering  gears  the  object  has 
been  to  get  a  complete  sweep  of  the  front  wheels;  that  is,  to 
turn  them  from  one  extreme  position  to  the  other  with  about 
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one  and  one-half  turns  of  the  hand  wheel.  Anything  slower  than 
this  will  be  so  tardy  of  action  that  it  will  be  difficult  to  steer 
the  car  properly  and  quickly  at  anything  but  low  speed.  On 
some  heavy  commercial  vehicles,  however,  it  is  necessary  to  pro- 
vide lower  reduction,  and  two  or  two  and  a  half  turns  of  the 
steering  wheel  are  sometimes  necessary  to  produce  the  proper 
degree  of  movement  of  the  front  wheels.  This  is  not  a  point 
that  can  be  seriously  objected  to  when  one  considers  the  low 
speed  of  the  conventional  motor  truck,  as  the  operator  has  ample 

.'Spokes  Jointed  to  show  dovetail  interlock 


Fig.  251.— Parts  of  Typical  Motor  Truck  Wheel  of  Wood  Spoke 

Construction. 


time  to  secure  any  required  degree  of  movement  of  the  hand 
wheel. 

Motor  Truck  Wheels. — The  wooden  parts  of  the  artillery 
wheel  are  depicted  at  Fig.  251,  while  the  construction  of  the 
huh  can  be  very  clearly  understood  by  referring  to  drawings  in 
preceding  parts  of  this  chapter.  The  ends  of  the  spokes  which 
tit  between  the  hub  flanges  are  wedge-shape  and  are  so  formed 
that  they  will  fit  closely  together  when  assembled  to  produce  a 
complete  circle  of  wood  which  is  sandwiched  between  the  wheel- 
hub  flanges,  held  together  by  bolts  passing  through  them  and 
the  spokes.  The  outer  ends  of  the  spokes  are  turned  down  to 
fit  holes  bored  into  the  wooden  arcs  that  comprise  the  felloe. 
The  wheel  assembly  is  held  together  in  much  the  same  manner 
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as  that  employed  in  carriage-wheel  construction,  excepting  that 
the  steel  rim  is  usually  provided  with  hook  section  flanges  made 
to  hold  the  pneumatic  tire  when  that  form  is  used.  A  complete 
wooden-wheel  assembly  minus  hub  is  shown  at  Fig.  251.  This 
wheel  is  an  excellent  construction  because  the  spoke  ends  fit 
into  metal  sockets  which  are  recessed  into  the  felloe.   The  spoke 


Fig.  252. — Front  and  Rear  Wheel  Construction  Employed  on  Packard 

Trucks. 


construction  shown  is  that  used  on  Schwartz  wheels ;  this  has  a 
dovetail  interlock  at  the  butt  ends  and  makes  a  much  stronger 
wood  wheel.  The  wood  wheels  used  on  the  Packard  trucks  are 
shown  in  both  front  and  rear  forms  at  Fig.  252,  these  being  com- 
plete with  hubs  and  brake  drums. 

At  the  present  time  automobile  engineers  seem  agreed  that 
second-growth  hickory  is  tfre  only  wood  that  can  be  used  suc- 
cessfully in  automobile-wheel  construction,  but  it  is  becoming 
more  difficult  to  obtain  this  material  as  the  production  of  auto- 
mobiles is  increased.  In  England  the  wood  is  very  scarce,  so  that 
many  designers  in  that  country  are  turning  to  the  metal-spoke 
type  of  wheel.  Suitable  wood  for  wheels  is  not  always  easy  to 
obtain,  because  it  must  be  of  such  a  nature  that  it  will  stand 
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both  a  steady  load  and  sudden  shocks.  Hickory  alone  of  all 
common  woods  combines  these  two  features,  and  while  other 
trees  may  furnish  lumber  that  may  be  stronger  or  tougher  than 
hickory,  in  some  applications  it  is  the  only  one  which  seems  to 
combine  the  desired  qualities. 

Metal  Wheels  a  Future  Development. — When  the  supply  of 
wood  decreases  to  a  point  where  it  will  be  difficult  to  obtain  it 
promptly,  it  is  believed  that  automobile  manufacturers  will  be 
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Piss.  253  and  254.— Metal  Wheel  at  Left  Is  Built  Up  of  Two  Discs. 
Metal  Wheel  of  Single  Disc  Type  Shown  at  Right. 

forced  to  use  metal  wheels.  This  is  being  done  by  some  of  the 
producers  of  heavy  commercial  cars  in  numerous  instances,  and 
the  metal  wheels  which  have  been  applied  may  be  divided  into 
three  types.  Those  used  on  the  heavier  vehicles  may  be  of  cast 
steel,  having  a  spoke  and  hub  construction  very  similar  to  that 
of  the  present-day  artillery  wooden  wheels,  except  that  the  hubs 
and  rims  are  cast  integral  with  the  spokes.  This  forms  a  verv 
strong  wheel  assembly;  the  only  objection  that  can  be  advanced 
against  them  is  that  while  stronger  than  wooden  wheels  they 
are  heavier.  Metal  wheels  are  sometimes  made  by  fastening  two 
steel  stampings  together  to  form  the  rim  and  web  portions,  these 
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in  turn  being  joined  to  a  separately  formed  flanged  hub  mem- 
bers, as  shown  at  Fig.  253. 

Demountable  Steel  Disc  Wheel. — A  disc  wheel  of  great  sim- 
plicity that  has  many  of  the  advantages  of  the  quick  demounta- 
ble wire  wheel  and  which  is  much  simpler  in  construction  and 


Fig.  255.— Truck  at  A.  Is.  Equipped  with  Stamped  Steel  Disc  Wheels 
The  Wheels  at  B  are  Cast  Steel  Construction. 


easier  to  keep  clean  is  depicted  at  Fig.  254.  But  a  single  disc 
is  used,  this  being  a  special  form  so  that  the  disc  is  thickest  at 
the  center  portion  where  it  is  attached  to  the  hub  and  thinnest 
at  the  edge  where  it  is  attached  to  the  tire-carrying  rim.  The 
outer  edge  of  the  disc  can  be  fastened  to  any  desired  design  ot 
felloe  band  and  can  be  made  to  carry  any  type  of  rim.  It  is 
installed  on  a  master  hub  by  clamping  it  between  two  plates, 
driving  lugs  or  dowel  pins  being  provided  to  drive  the  discs. 
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The  construction  of  the  master  hub  is  such  that  the  outer 
flange  bears  tightly  against  the  disc  and  is  provided  with  a  series 
of  simple  retention  bolts  to  prevent  it  from  backing  off.  The 
whole  wheel  may  be  taken  off  much  easier  than  the  usual  form 
of  demountable  rim.  The  wheels  are  mounted  on  the  axle  with 
a  concave  side  facing  out  and  it  is  said  they  do  not  have  the 
clumsy  look  that  disc  wheels  mounted  in  the  opposite  way  have. 
Many  engineers  believe  that  the  disc  wheel  will  be  the  ultimate 
type  for  automobiles,  and  as  a  dished  disc  of  the  tapering  sec- 
tion and  form  outlined  has  great  strength  and  will  be  very  easy 
to  keep  clean,  it  is  reasonable  to  expect  a  wider  application  when 
the  motoring  public  becomes  accustomed  to  the  unconventional 


?i«  256.— Cast  Steel  Wheels  are  Used  on  White  "Good  Roads"  Truck. 
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appearance.  A  truck  equipped  with  pressed  steel  disc  wheels 
is  shown  at  Fig.  255,  and  as  will  be  evident,  they  are  very  neat 
in  appearance. 

Steel  Truck  Wheels. — In  a  paper  read  before  the  S.  A.  E 
P.  Klinger  presented  some  interesting  facts  relative  to  steel 
wheels  for  motor  trucks  and  what  is  required  in  their  design 
In  part  he  said:  "The  design  must  be  such  that  vibrations  re- 
sulting from  road  shocks  are  not  concentrated  at  any  point  but 
distributed  over,  or  dissipated  throughout,  the  entire  wheel  struc- 
ture ;  otherwise  metal  fatigue  eventually  results.    Materials  hav- 
ing a  low  elastic  limit  are  not  suitable  for  truck  wheels  any 
more  than  malleable  or  wrought  iron  is  for  vehicle  springs,  a 
a  successful  metal  wheel  must  have  a  certain  degree  of  resilieno 
Many  of  you  have,  no  doubt,  had  experience  with  the  early  de- 
signs of  built-up  metal  wheels  and  are  well  acquainted  with  the 
difficulties  of  loosened  rivets  and  bolts,  also  with  cracks  devel- 
oping in  some  types  of  cast  disc  and  spoke  wheels. 

Various  essential  and  fundamental  metal  casting  principles 
have  not  been  recognized  in  the  design  of  some  cast  metal 
wheels,  such  as  the  fact  that  all  steel  or  iron  castings  are  com- 
posed of  crystals  which  are  formed  as  the  metal  cools  and  run 
as  consistently  as  the  fibers  in  wood.  Just  as  the  weak  spots 
in  wood  are  where  the  branches  run  out,  so  the  weak  spots  in 
castings  are  found  where  right-angled  joints  occur.  Crystals 
form  regularly  at  right  angles  with  the  contour  of  the  castings, 
and  where  sections  meet  at  right  angles  two  crystal  formations 
join  and  there  is  a  resulting  line  of  weakness.  To  overcome 
this  tendency  heavy  fillets  have  been  used  at  intersections,  but 
the  added  mass  of  metal  usually  causes  shrink-holes  and  conse- 
quent weakness. 

A  hollow-spoke  hollow-rim  construction  with  a  semi-flaring 
attachment  to  the  rim  is  a  partial  recognition  of  this  fundamental 
feature,  but  a  full  realization  of  it  is  attained  only  by  the  hol- 
low-spoke wheel,  where  the  spokes  join  the  rim  in  broad  sweep- 
ing curves,  giving  an  arch-like  support  to  the  rim,  at  the  same 
time  avoiding  objectionable  crystalline  formation  and  placing 
the  metal  so  that  the  high  elastic  quality  of  steel  is  utilized 
somewhat  in  the  form  of  a  spring  instead  of  as  a  dead  strut,  as 
is  the  case  of  the  straight  spoke  of  either  cruciform  or  U-section 
and  also  very  largely  with  the  hollow  spoke  with  the  semi- 
flaring  connection  to  the  rim.    Some  disc  wheels  have  cracked 
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around  the  hub  as  well  as  near  the  rim.  When  spoke  wheels 
have  cracked  it  has  been  almost  invariably  in  the  spoke  near 
the  rim  or  in  the  rim  near  the  spoke,  but  this  has  not  occurred 
in  wheels  having  the  broad  flaring  connection  between  the  spoke 
and  the  rim." 

WEIGHTS  OF  DIFFERENT  METAL  WHEELS 


Cast-Steel  Hollow  Flaring  Spoke  In- 
tegral-Hub Wheel   

Hubless  Type  Metal  Wheel  with 
Hubs  and  Bolts   

Pressed  Steel  Built-up  Wheel  

Wood  Wheel  with  Hubs  and  Bolts.. 


36  by  5  40  by  5 

Front  Dual  Set 


130  Lbs.         269  Lbs.         798  Lbs. 


158  " 

319  " 

954  " 

131  " 

275  " 

812  " 

116  " 

336  " 

904  " 

"For  the  large-size  pneumatic  truck  tire  equipment  most  of 
the  tire  companies  favor  metal  wheels  and  a  number  of  different 
satisfactory  types  have  already  been  made.  So  far  as  my  knowl- 
edge goes,  these  have  not  been  given  careful  laboratory  tests 
but  have  withstood  strenuous  service  tests,  such  as  driving  at 
speeds  as  high  as  45  miles  per  hour  on  three-ton  trucks,  and 
withstanding  tire  inflation  of  hydraulic  pressure  as  high  as  390 
pounds  per  square  inch  on  a  44  by  10  cord  tire.  A  metal  wheel 
enables  a  demountable  rim  to  be  used  with  a  wheel  rim  having 
an  open  slot  for  the  valve  stem,  thus  eliminating  any  lifting  of 
the  tire  and  rim  when  applying.  The  apparent  increasing  ten- 
dency to  use  some  type  of  internal  drive  will  do  much  to  increase 
the  metal  wheel  demand  because  of  the  better  maintenance  of 
?ear  mesh  with  the  use  of  integral-hub  metal  wheels.  Con- 
sistent cooperation  between  the  foundryman  and  truck  engineers 
has  done  and  will  continue  to  do  much  toward  the  satisfactory 
H-rvke  to  be  realized  from  metal  wheels,  and  the  price  question 
be  largely  solved  by  standardizing  of  designs  with  conse- 
quent quantity  production." 

Strength  of  Wood  and  Metal  Wheels. — As  to  comparative 
strength,  the  table  on  page  407  gives  the  results  of  tests  made  by 
*  recognized  testing  bureau  on  wheels  designed  for  the  same 
truck  using  36  by  5  front  and  36  by  10  rear  wheels. 

It  should  be  noted  that  the  wood  wheel  was  not  loaded  above 
0.000  pounds  as  the  speed  of  deformation  indicated  an  approach 
to  the  yield  point    The  pressed  steel  built-up  type  front  wheel 
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yielded  beyond  the  range  of  the  instruments  of  40,000-pound 
loading,  and  the  rear  at  75,000-pound  loading  required  almost 
the  extreme  instrument  range.  The  relatively  slight  permanent 
set  and  the  great  resistance  to  side-thrust  in  the  case  of  the 
cast-steel  wheels,  and  especially  in  the  hollow  full-flaring  spoke 
type,  should  also  be  noted. 


STRENGTH  TESTS  OF  METAL  WHEELS 


36  by 

5  Front  Wheels 

Ultimate 

Permanent 

Side 

Maximum 

Deformation 

Set  at 

Thrust 

Radial  Load 

at  Maximum 

\f  q  v  i  m  i  i  m 
**I  «i  -V  1 1 1 1  in  1 1 

T  n  nliriL' 

Type               Weight,  lb. 

Applied,  lb. 

Load  in. 

Load  in. 

lb. 

Pressed  Steel,  Built-up. .  .147 

40,000 

•  •  •  •  • 

30,500 

Malleable  Iron   147 

60,000 

0.0677 

0.0259 

27,600 

Cast  Steel  Disc   169 

60,000 

0.0359 

0.0187 

48,100 

Cast  Steel,   Hollow  Rim, 

Hollow  Flaring  Spoke..  100 

60,000 

0.0645 

0.0220 

49,200 

Wood   

Front  Wheels  Not 

Tested 

36  by  10  Rear  Wheels 

Pressed  Steel.  Built-up. .  .341 

75,000 

0.4153 

0.3425 

43,200 

Malleable  Iron   266 

1<X).000 

0.1928 

0.1180 

42,500 

U>t  Steel  Disc   268 

100.000 

0.0881 

0.0261 

75,500 

Cast  Steel,    Hollow  Rim. 

Hollow  Flaring  Spoke.. 286 

100,000 

0.0513 

0.0113 

101,000 

Wood   252 

60,000 

(U082 

0.0336 

43.7(H) 

The  various  types  of  metal  wheels  that  have  been  developed 
are  shown  at  Fig.  257.  At  A,  the  spokes  have  a  cruciform  section. 
\t  R,  the  hub  and  rim  are  joined  by  a  solid  web  or  dished  plate. 
The  forms  at  C  and  D  have  cast  steel  hollow  spokes  and  felloes. 

Wire  Wheels. — The  metal  wheel  most  generally  used  now  on 
passenger  cars,  however,  is  a  strengthened  and  modified  suspen- 
>ion  type  so  commonly  used  in  bicycle  and  motorcycle  construc- 
tion. In  this  the  steel  hub  member  is  joined  to  the  outer  rim 
W  spokes  of  steel  wire  interlaced  in  such  a  manner  that  they 
Hold  the  hub  and  rim  together  firmly.  One  advantage  of  metal 
wheels  is  that  this  material  may  be  worked  up  into  any  desired 
'orm,  and,  where  lightness  is  desired,  one  can  use  wire-spoke 
•vheels  and  either  the  built-up  pressed-steel  forms  or  the  cast- 
steel  wheels  for  heavy  loads.    If  lightness  is  desired,  light  metals 
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Fig.  258.— Sectional  View  Showing  Construction  of  Triple-Spoke  Rudge- 
Whitworth  Detachable  Wire  Wheels.  Rear  Wheel  Hub-Section 
Shown  Above  Center  Line,  Front  Wheel  Hub  Section  Depicted 
Below  It 
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which  are  very  strong  are  available,  while  maximum  strength  is 
obtained  by  the  use  of  the  highly  resistant  materials  in  the  cast 
form. 

The  wire  wheel  has  attained  considerable  popularity  in  Amer- 
ica for  passenger  cars,  but  it  has  not  been  applied  to  trucks  be- 
cause the  more  substantial  and  simpler  disc  and  cast  metal  forms 
answer  every  truck  requirement.  In  its  improved  forms  it  has 
much  to  commend  it  for  light  automobile  service.  The  wire 
wheel  is  lighter  than  a  wooden  wheel  of  equal  strength,  there 
being  a  saving  of  at  least  33%  per  cent  of  weight  when  wire 
wheels  are  employed  instead  of  the  artillery  type.  Advocates  of 
the  wire  wheel  state  that  it  is  stronger  than  the  wooden  wheel 
in  both  vertical  and  horizontal  directions.  In  a  wooden  wheel 
the  load  is  carried  on  the  spokes  which  are  under  compression, 
whereas  in  a  wire  wheel  the  weight  is  carried  by  the  spokes 
which  are  under  tension.  A  typical  wire-wheel  assembly  is 
shown  at  Fig.  258,  this  being  a  form  used  to  a  large  extent  on 
touring  vehicles  in  this  country. 

It  is  a  well-known  fact  that  the  friction  between  tire  and  road 
generated  in  driving  a  car  at  even  a  reasonable  speed  results  in 
quick  and  excessive  heating  of  the  tire  structure.  In  the  wooden 
wheel,  which  serves  in  a  sense  as  insulation,  there  is  a  very 
slight  ability  to  quickly  dissipate  heat.  Metal  wheels  requiring 
only  a  thin  metallic  rim,  the  spokes  serving,  in  a  sense,  as  addi- 
tional cooling  surfaces,  will  dissipate  this  heat  almost  as  quickly 
as  it  is  generated.  This  results  in  keeping  the  tire  at  almost 
normal  temperature  even  in  very  warm  weather. 

Spring  and  Resilient  Wheels. — Attempts  have  been  made  to 
build  wheels  which  would  have  some  form  of  flexible  or  yielding 
member  to  join  the  rim  and  the  hub,  instead  of  the  rigid  wood 
or  metal  spokes.  Many  spring  wheels  have  been  evolved,  the 
ultimate  aim  of  all  inventors  of  this  form  being  to  provide  a 
supporting  member  that  would  have  sufficient  resiliency  so  the 
air-filled  tire  could  be  dispensed  with  and  its  troubles  eliminated. 

The  Lipkowski  spring  wheel  is  depicted  at  Fig.  259,  this  being 
a  fairly  good  example  of  the  radial  coil-spring  form  which  is 
said  to  nave  given  fairly  satisfactory  results  in  its  trials.  In  this 
construction  the  hub  and  felloe  are  composed  of  two  members 
held  together  by  bolts.  These  retention  members  form  the  jour- 
nals for  the  loops  on  the  end  of  the  spring,  while  the  spaces  be- 
tween the  outer  portions  of  the  wheel  felloe  are  a  sufficient  dis- 
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tance  apart  to  act  as  a  guide  for  the  four  solid  metal  spokes 
which  are  spaced  90  degrees  apart  and  which  radiate  from  the 
outer  periphery  of  the  hub  member.  Twelve  springs  are  used, 
these  being  mounted  in  sets  of  three,  each  set  occupying  the 
space  between  the  two  spokes. 

The  resilient  members  are  attached  in  such  a  manner  that  they 
are  subjected  to  alternate  compression  and  tension  loads.  Those 


Fig.  259. — Resilient  Steel  Wheel  Having  Coil  Springs  Separating  Hub 

and  Rim  Members. 


at  the  top  of  the  wheel  are  under  tension,  while  those  at  the 
lower  side  are  under  compression.  If  they  should  fail  in  serv- 
ice the  work  of  replacement  would  entail  a  degree  of  mechanical 
skill  not  usually  possessed  by  the  average  motorist.  Many  in- 
ventors have  given  this  problem  considerable  attention,  but  it 
is  safe  to  say  that  the  rubber  tire  in  cither  of  its  forms  is  abso- 
lutely necessary  to  successful  motor-vehicle  operation,  and  that 

L. 
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there  is  but  little  future  for  resilient  wheels  depending  on  springs 
or  other  metal  resilient  members  to  cushion  the  shocks  met 
with  when  traveling  over  ordinary  highways. 

Advantages  of  Detachable  Wheels— Detachable  wheels  may 
be  either  of  the  metal  wheel  pattern  or  of  the  wood  artillery 
construction.  In  all  forms  of  detachable  wheels  two  hubs  are 
necessary*.  an  inner  member,  which  is  in  permanent  assembly 
with  the  axle,  and  a  removable  outer  member  to  which  the  spokes 
and  rims  are  attached.    In  the  Rudge-Whitworth  construction, 


Rubber  Cushion- 
Hard  Rubber 

Base 
Cushion  Hub - 

Bolt 
Outer  Hub- 


Drive  Flange 
Bo/t 


Center/' 
Rina 


.  Felloe  Band 
■Cushion  Rim 

-Cushion  Hub 

Brake  Drum 

Bolt 
Side  Plate  I 


Rubber  Cushion 
■Felloe  Band 

Side 
Plate 


Inner  Hub 
Hub  Bolt 

"Brake  Drum 
Center  Rings-' 


Drive 
Flange  Bolts 


Cross  Section  View 
of  Rear  Wheel 


Sectional  View  of 
Rear  Wheel 


Bracket- 


Fig.  260A. — The  Jaxon  Wheel  for  Motor  Trucks  Uses  Rubber  Cushions 

to  Carry  the  Load. 


shown  at  Fig.  258,  the  steel  shell  to  which  the  spokes  are  laced  is 
readily  removable  from  the  inner  member  or  hub  casting  proper. 
The  object  of  this  construction  is  to  permit  the  motorist  to  carry 
a  spare  wheel  with  a  fully  inflated  tire,  so  that  in  event  of  punc- 
ture or  blowout  it  is  possible  to  remove  the  entire  detachable 
wheel  assembly  affected  and  replace  it  with  the  spare  member 
carrying  the  fully  inflated  tire  which  has  been  provided  for  re- 
placement purposes.  All  detachable  wheels  are  constructed  so 
that  they  may  be  readily  removed  from  the  inner  hub  member, 
and  the  entire  wheel  assembly  may  be  replaced  much  easier  and 
quicker  than  replacing  the  ordinary  form  of  tire.  They  are  espe- 
cially advantageous  when  pneumatic  tires  are  used  on  motor 
trucks.  Wire  wheels  have  no  advantages  that  are  not  shared 
by  detachable  metal  disc  wheels. 
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Jaxon  Full  Floating  Wheel. — On  trucks  equipped  with  J  axon 
wheels,  a  new  development  shown  at  Fig.  260A,  the  axle  is 
"floated."  Rubber  cushions  which  encircle  the  hub  absorb  all 
of  the  shocks.  The  cushions  give  to  the  wheel  the  necessary 
resiliency  to  overcome  all  radial,  torque  and  side-thrust  shocks — 
more  than  doubling  the  life  of  tires  and  increasing  the  durability 
of  the  truck  as  a  whole,  as  well  as  increasing  the  gasoline  mile- 
age. The  cushions  are  held  firmly  in  cushion  rims — no  moving 
parts  to  cause  friction  or  wear. 

The  steel  "felloe  band"  is  made  to  S.  A.  E.  dimensions,  so 
that  any  standard  make  of  solid  rubber  tire  may  be  used.  To 
the  inside  of  this  band  are  riveted  six  equally  spaced  malleable 
iron  "brackets,"  between  which  are  mounted  six  steel  "cushion- 
rims."  These  rims  are  tangent  to  each  other,  and  to  the  steel 
"center  ring."  All  of  these  parts  are  assembled  within  the 
steel  felloe  band  and  held  firmly  in  place  bv  contraction  of  the 
steel  felloe  band.  The  combination  forms  a  light,  strong,  rigid 
steel  framework  that  cannot  wear,  rattle,  or  buckle  in  any 
direction. 

The  "cushion  rims"  securely  retain  a  soft,  selected  grade  "rub- 
ber cushion,"  vulcanized  to  a  "hard  rubber  base"  on  the  outside 
of  a  small  malleable  iron  "cushion  hub."  It  will  be  seen  that 
on  each  side  of  the  wheel  is  a  steel  "side  plate"  having  six  in- 
tegral arms.  The  extremities  of  these  arms  fit  into  the  hollows 
in  the  ends  of  the  cushion  hubs,  and  are  securely  clamped  in 
place  by  six  "cushion  hub  bolts." 

Note  that  the  cup-shaped  joint  between  the  side  plate  arms 
and  the  cushion  hubs  relieves  the  bolts  from  all  shearing  strain, 
and  eliminates  any  possibility  of  wear  or  rattle.  The  central 
portions  of  the  two  side  plates  are  securely  fastened  to  a  cylin- 
drical "outer  hub"  which  fits  over  the  "inner  hub"  originally 
furnished  on  the  truck.  This  construction  ties  the  entire  driv- 
ing portion  of  the  wheel  together,  and  it  enables  each  side  plate 
to  take  its  share  of  the  driving  strain. 

Cushion  wheels  are  made  in  many  different  forms,  but  in  all 
of  these  the  endeavor  seems  to  be  to  resist  wear  due  to  the 
abrading  effect  of  the  road  by  using  an  outer  tire  of  some  ma- 
terial that  may  be  lacking  in  resiliency  but  which  will  have  the 
necessary  strength  and  wearing  qualities  to  give  a  satisfactory 
mileage.  The  cushion  elements  are  usually  of  a  very  soft  rub- 
ber that  combines  great  resiliency  and  flexibility,  but  which  is 
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too  soft  to  resist  wear.  This  rubber  cushion  is  protected  by 
various  means,  some  forms  of  wheels  using  solid  rims  while 
others  have  the  cushion  protected  by  iron  plates.  The  Martin 
Cushion  Wheel,  which  is  shown  at  Fig.  260B,  is  very  simple 
in  construction,  inasmuch  as  the  cushion  is  held  in  place  without 
bolts  or  nuts.  The  solid  tire  and  the  rim  by  which  it  is  carried 
are  pressed  on  to  an  S.A.E.  standard  band.    A  standard  band 


Pig.  260B.— Martin  Cushion  Wheel.    The  Universal  Truck  Wheel  is 

Shown  at  C. 


is  also  pressed  on  to  the  wheel  felloe.  A  rubber  cushioning 
strip,  which  has  a  series  of  cushion  cups,  is  interposed  between 
the  inner  and  outer  bands.  The  assembly  is  held  together  by 
rings  of  T  section  on  both  sides  of  the  wheel,  which  are  pressed 
into  place  by  a  powerful  hudraulic  press,  so  that  all  parts  of  the 
wheel  are  held  together  without  the  use  of  the  ordinary  forms 
of  fastenings.  The  general  construction  can  be  clearly  ascer- 
tained by  reference  to  the  illustration. 

The  Universal  Truck  Wheel,  which  is  shown  at  C,  Fig.  260B, 
is  a  composite  structure  of  steel,  rubber  and  wood.  A  special 
wheel,  carrying  a  sectional  wood  block  tire,  is  supported  by  a 
rubber  cushion,  B,  which  encircles  the  main  wheel.  The  tire- 
carrying  member  is  held  by  substantial  side  plates,  which  are 
bolted  to  the  wheel  felloe.  The  wheel  has  a  steel  casing  having 
whole  spokes  which  are  easily  renewable,  but  they  have  long  life, 
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g.  261. — Sectional  View  Outlining  Construction  of  Pneumatic  Auto- 
mobile Tire  Fitted  to  Simple  Clincher  Rim,  This  Type  of  Rim  Is 
Used  Only  on  Light  Delivery  Automobiles  of  Ford  Manufacture. 
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which  makes  frequent  renewal  unnecessary.  The  pockets  in 
which  the  wood  blocks  set  have  steel  walls,  so  that  the  road 
wear  is  really  taken  by  a  combination  wood  and  steel  tread.  It 
is  claimed  that  the  wheel  has  easy  riding  qualities  and  that  the 
tread  cannot  be  injured  by  oils,  acids,  salts  or  other  chemicals 
that  may  affect  rubber  tires.  The  rubber  cushion  is  fully  pro- 
tected by  the  side  plates  and  cannot  be  reached  by  any  of  the 
agents  which  ordinarily  result  in  deterioration  of  rubber  tires 
when  used  on  special  duty  trucks. 

Forms  of  Automobile  Tires. — The  wheels  of  automobiles,  with 
but  few  exceptions,  are  provided  with  rubber  tires.  The  sim- 
plest is  a  solid  band  of  rubber  composition;  next  in  order  we 
have  the  various  forms  of  cushion  tires,  in  which  the  band  of 
rubber  is  perforated  with  a  number  of  small  holes  or  provided 
with  a  series  of  openings  designed  to  provide  greater  resiliency 
and  make  the  tire  more  yielding  than  the  solid-rubber  form. 
Solid  tires  are  invariably  adapted  to  industrial  conveyances  of 
large  capacity  at  the  present  time. 

The  most  common  form  of  tire,  and  that  generally  used  on 
automobiles,  is  composed  of  a  hollow  rubber  tube  of  circular 
section  filled  with  air  and  protected  from  wear  by  means  of  an 
f'uter  shoe  or  casing.  The  use  of  air  under  compression  pro- 
vides a  very  resilient  medium  for  supporting  the  vehicle,  and 
of  the  various  forms  of  rubber  tires  the  pneumatic  form  is  the 
one  that  is  the  most  desirable.  The  development  of  the  modern 
automobile  may  be  attributed  largely  to  the  advances  made  in 
pneumatic-tire  construction,  as  these  members  made  it  possible 
to  drive  automobiles  at  high  speed  over  rough  road  surfaces 
without  stressing  the  mechanism  unduly  or  causing  discomfort 
of  the  passengers.  While  solid-rubber  tires  and  members  of  the 
cushion  form  have  a  certain  degree  of  elasticity,  they  do  not  ride 
as  easy  as  pneumatic  tires,  because  rubber  tires  cannot  be  com- 
pressed, but  only  distorted.  Solid-rubber  and  cushion  tires  are 
suitable  where  vehicle  speeds  are  low,  but  are  very  unsatisfac- 
tory for  automobiles  of  any  type  traveling  at  speeds  over  fifteen 
miles  per  hour  on  anything  but  the  best  roads. 

Construction  of  Pneumatic  Tires  Defined. — The  pneumatic 
tire  of  the  present  day  is  invariably  of  the  double-tube  type  and 
is  composed  of  two  members,  the  inner  tube  and  the  shoe  or 
carcass.  The  inner  member  is  utilized  to  retain  the  air  and  is 
made  of  a  very  elastic  composition  rubber,  about  an  eighth  of 
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an  inch  thick  for  cars  of  average  weight.  While  this  tube  is 
very  elastic  and  is  airtight,  it  would  not  be  strong  enough  or 
have  adequate  resistance  to  be  run  directly  in  contact  with  the 
road  surface ;  therefore,  it  is  necessary  to  protect  it  by  a  shoe 
composed  of  layers  of  fabric  and  rubber  composition.  The  shoe 
member  is  provided  with  beads  on  its  inner  periphery  designed 
to  interlock  with  the  rim  channel. 

The  main  portion  of  the  fabric  outer  casing  is  composed  of 
five  or  more  layers  of  a  Sea  Island  cotton  fabric  "frictioned" 


Fig.  262.— Part  Sectional  View  of  Tire,  Showing  Practical  Cord 

Construction. 

with  high-grade  rubber  composition.  This  is  forced  into  the 
mesh  of  the  cloth  by  machinery  so  the  fabric  will  be  practically 
waterproof  and  will  join  intimately  with  the  other  plies  by  a 
process  of  vulcanization  when  the  shoe  is  cured.  Outside  of  the 
fabric  body  a  layer  of  very  resilient  rubber,  approximately  of 
crescent  form,  known  as  the  padding,  is  provided  to  give  a  cer- 
tain degree  of  elasticity  to  the  shoe.  Between  this  member  and 
the  thread  a  number  of  pieces  of  heavy  fabric  called  "breaker 
strips"  are  interposed  to  offer  a  certain  degree  of  resistance  to 
any  sharp  object  that  might  penetrate  the  tread  and  go  through 
the  padding  and  into  the  fabric  body  if  the  breaker  strips  were 
not  interposed  to  deflect  the  puncturing  object  to  one  side.  The 
construction  of  a  fabric  tire  intended  for  application  to  a  clincher 
rim  is  shown  at  Fig.  261. 

The  tread  is  the  part  of  the  tire  that  is  subjected  to  thr  great- 
est stress,  as  it  must  resist  the  abrading  influence  of  the  road 


Tread 


Cora 


Digitized  by  Google 


Automobile  and  Truck  Tires  417 


and,  when  the  tire  is  used  on  the  rear  wheels,  the  wearing-  effect 
of  the  friction  produced  by  the  tractive  effort  which  exists  at  the 
point  of  contact  between  the  driving  member  and  the  ground. 
The  tread  is  of  very  tough  rubber  composition  and  differs  from 


Fig.  263. — Forms  of  Quick  Detachable  Rims  which  Permit  Easy  Removal 

of  Deflated  Pneumatic  Tires. 


the  material  used  as  padding  or  for  the  inner  tube  in  that  it 
does  not  possess  a  very  great  degree  of  elasticity.  This  quality 
is  sacrificed  for  that  of  greater  strength  and  resistance  to  wear, 
which  is  more  essential  at  this  point. 

The  air  is  introduced  into  the  tire  through  a  simple  form  of 
automatic  valve  which  is  securely  attached  to  the  inner  tube. 
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As  the  inner  tube  becomes  distended  by  the  air  pumped  into  it. 
it  forces  the  beads  of  the  tire  outward  and  clinches  the  shoe  so 
firmly  in  the  rim  channel  that  it  will  be  impossible  to  dislodge 
it  without  the  use  of  special  tire  irons,  and  then  only  when  the 
air  pressure  is  relieved  from  the  inner  tube.  The  valve  is  held 
against  its  seat  by  a  tension  spring  and  will  only  open  when  the 
valve  stem  is  depressed  by  the  hand  or  from  the  pressure  of  the 
air  forced  against  it  when  it  is  desired  to  inflate  the  tire.  While 
the  air  pressure  from  the  pump  will  be  sufficient  to  force  the 
valve  from  its  seat,  the  air  pressure  from  the  inside  of  the  tire 
only  serves  to  hold  it  more  firmly  in  place. 

The  general  design  of  practically  all  fabric  outer  casings  is 
the  same,  though  there  are  minor  differences  of  structural  de- 
tail. For  example,  some  makers  will  use  finer  fabric  and  more 
layers  than  others,  and  each  manufacturer  has  his  own  specific 
formulae  for  compounding  rubber  to  the  best  advantage.  Some 
tires  are  made  with  a  straight  side  at  the  lower  end  instead  of 
the  clincher  bead,  whereas  others  have  been  made  to  be  secured 
to  the  rim  by  means  of  bolts.  There  are  also  differences  in  thick- 
ness of  the  tread  and  of  the  padding  and  breaker  strips.  Some 
makers  build  their  tires  by  what  is  known  as  the  molded  process, 
while  others  favor  the  wrapped  tread  construction.  In  the  first 
mentioned  method,  after  the  various  layers  of  material  of  which 
the  tire  is  composed  are  assembled  together  on  the  core,  the 
assembled  tire  is  clamped  tightly  in  a  mold  and  vulcanized.  In 
the  wrapped  tread  construction,  instead  of  curing  the  rubber  in 
a  mold,  the  finished  tire  assembly  is  wound  tightly  with  narrow 
strips  of  webbing  to  hold  the  parts  together  while  the  curing 
process  takes  place.  The  various  members  of  which  the  tires 
are  composed  are  vulcanized  by  being  heated  with  steam,  and 
sulphur  is  included  in  the  rubber  compounds  in  proper  quanti- 
ties to  permit  them  to  become  firmly  welded  to  the  friction  fabric 
layers  between  which  they  are  placed. 

The  Cord  Tire. — A  method  of  tire  construction  that  is  becom- 
ing popular  because  of  its  easy  riding  qualities  and  which  is  a 
better  form  for  trucks  than  the  fabric  tire  is  shown  at  Fig. 
262.  Instead  of  layers  of  fabric,  the  main  portion  of  the  carcass 
or  casing  is  composed  of  cords  which  are  passed  around  small 
wires  at  the  base  of  the  tire  and  which  are  wound  very  tightly 
in  order  to  secure  intimate  contact  between  the  various  layers 
of  cord.    Sheet  rubber  is  placed  down  between  the  cord  layers 
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and  fabric  breaker  strips  are  placed  between  the  tread  and  the 
cord  body  in  the  usual  manner.  When  the  tire  is  vulcanized 
the  spaces  between  the  layers  of  cord  become  filled  with  the 
rubber,  and  the  whole  mass  is  firmly  bound  together.  The  wires 
project  into  the  bead  portion  of  the  tire  and  are  vulcanized  firmly 
in  place.  Owing  to  the  construction,  a  cord  tire  cannot  be  as 
easily  jepaired  as  the  fabric  type,  because  it  requires  a  very 
expert  knowledge  of  cord  tire  construction  to  replace  injured 
portions  due  to  a  blowout.  Tires  of  this  construction  are  much 
more  resilient  and  are  capable  of  giving  considerably  more  mile- 
age than  the  stiffer  form  comprised  entirely  of  fabric. 

Rim  Forms. — Pneumatic  tires  are  not  always  of  the  clincher 
form.  Various  other  constructions  have  been  devised,  some  to 
facilitate  a  more  readv  removal  than  the  clincher  construction 
permits,  while  others  have  been  designed  to  make  a  more  secure 
attachment  by  some  mechanical  means.  Various  forms  of  quick- 
detachable  rims  and  the  tires  adapted  for  use  with  them  are 
shown  at  Fig.  263.  In  the  ordinary  clincher  tire  it  is  necessary 
to  force  the  bead  over  the  channel  when  it  is  desired  to  remove 
the  outer  casing,  and  while  this  can  be  accomplished  with  com- 
parative ease  on  the  smaller  tires,  it  is  very  difficult  to  remove 
or  apply  large  clincher  tires.  In  the  form  shown  at  A  the  clincher 
rim  is  made  in  two  parts,  one  of  the  sections  being  easily  re- 
movable when  the  locking  ring  is  taken  out  of  the  groove  in 
which  it  fits.  When  the  movable  section  of  the  rim  is  taken  off 
the  outer  casing  may  be  easily  removed,  as  it  can  be  slipped  off 
the  fixed  portion  of  the  rim  just  as  a  belt  can  be  removed  from 
a  pulley. 

The  Dunlop  or  straight  side  type  of  outer  casing  is  depicted 
at  B  and  C,  these  also  being  fitted  to  quick-detachable  rims.  In 
the  Dunlop  casing  retention  is  by  a  series  of  steel  wires  at  the 
base  of  the  tire  which  have  a  certain  amount  of  holding  power, 
which  is  further  augmented  by  the  air  pressure  inside  of  the 
tube.  It  is  claimed  for  this  construction  that  it  is  more  easily 
removed  than  the  clincher  tire  when  applied  to  a  one-piece  rim, 
though  on  the  quick-detachable  type  shown  in  illustration  one 
form  is  as  easily  removed  as  the  other.  The  rim  shown  at  A 
and  B  is  the  same  member,  and  it  will  take  either  clincher  or 
Dunlop  type  casing.  When  used  for  the  latter  a  rubber  filler 
ring  is  provided  to  fill  the  channel  of  the  fixed  portion  of  the 
nm,  while  the  flat  side  of  the  removable  portion  is  brought  in 
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contact  with  the  casing  walls  instead  of  the  channel  or  hooked 
side.  The  form  shown  at  C  is  made  exclusively  for  use  with 
Dunlop  type  casings,  and  cannot  be  utilized  for  clinched  tires. 

At  D  the  Fisk  bolted-on  casing  is  shown,  but  this  form  is  now 
practically  obsolete  and  will  be  noticed  on  only  very  old  model 
cars.  This  differs  from  the  other  forms  in  that  the  clinchers  are 
designed  in  such  a  manner  that  they  practically  form  a  foot  or 
base,  and  when  closed  together  will  keep  the  inner  tube  away 
from  the  rim,  which  is  not  done  with  the  other  forms  of  rims. 
The  rim  proper  consists  of  a  flat  band  of  steel  attached  to  the 
wheel  felloe.  Two  locking  rings  are  provided,  one  at  either  side 
of  the  tire,  and  these  are  held  into  proper  relation  and  clamped 


Fig.  264.— Showing  Various  Raised  Treads  Used  on  Pneumatic  Tire 

Casings. 


tightly  against  the  base  member  of  the  shoe  by  means  of  bolts 
which  pass  through  the  enlarged  beads  of  the  casing.  This 
form  of  attachment  is  very  secure,  and  the  tire  is  held  to  the  rim 
positively  whether  or  not  it  is  inflated. 

Special  Casing  Treads. — The  casings  shown  at  Fig.  264  are  a 
few  of  the  forms  which  have  been  designed  to  secure  greater 
life  of  the  thread.  In  that  shown  at  A  the  tread  is  raised  at  five 
portions  and  is  very  thick.  In  that  shown  at  B  the  tread  is  pro- 
vided with  a  large  number  of  small  rubber  studs  or  projections 
which  are  depended  on  to  prevent  side  slip  more  than  providing 
any  great  amount  of  added  wear  to  the  tread.  The  form  shown 
at  C  is  known  as  a  raised-tread  type,  and  in  this  the  round  tread 
is  reinforced  with  a  flat  band  running  around  the  outer  periph- 
ery, this  providing  a  greater  thickness  of  tread  than  will  be  pos- 
sible with  the  round-tread  construction. 

The  construction  of  inner  tubes  is  practically  the  same  in  all 
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standard  makes  of  tires,  and  these  are  usually  interchangeable. 
The  outer  casings  differ  in  some  respects,  these  being  merely  a 
matter  of  detail  involving  the  number  of  plies  of  fabric,  the 
thickness  of  the  padding,  the  arrangement  of  breaker  strips,  and 
the  character  of  the  tread.  All  the  tires  shown  at  Fig.  263  have 
the  plain  round  tread,  which  is  well  adapted  for  use  on  front 
wheels.  The  smooth  tread,  however,  has  the  disadvantage  in 
that  it  is  liable  to  slip  on  muddy  roads,  and  for  this  reason  a 
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number  of  tread  forms  have  been  designed  to  secure  greater  ad- 
hesion to  the  road  or  to  reduce  wear.  A  round-tread  tire  will 
wear  off  until  the  breaker  strips  are  exposed,  and  the  tire  should 
be  retreaded  as  soon  as  this  condition  is  apparent. 

The  variety  of  so-called  anti-skid  treads  is  greater  than  the 
number  of  tire  manufacturers,  as  some  offer  several  "sculptured 
treads"  and  all  have  at  least  some  pet  form.  The  most  practical 
tread  of  this  nature,  in  the  writer's  opinion,  is  that  having  the 
surface  divided  into  substantial  diamonds,  as  shown  at  Fig.  267C. 
because  these  have  sufficient  size  to  resist  the  road  wear  well 
and  at  the  same  time  present  a  variety  of  angular  members  to 
resist  side  slip  on  wet  or  soft  roads. 

Tools  and  Supplies  for  Pneumatic  Tire  Restoration. — It  ha> 
been  previously  stated  that  one  of  the  chief  disadvantages  of 
pneumatic  tires  has  been  their  liability  of  failure  by  puncturing 
the  outer  casing  and  penetrating  the  inner  tube  and  thus  pro- 
viding a  means  for  escape  of  the  compressed  air  in  the  inner 
tube.  The  life  of  a  pneumatic  tire  is  decidedly  uncertain  and 
will  depend  on  many  factors  outside  of  those  of  purely  natural 
wear.  There  have  been  cases  where  outer  casings  have  given 
satisfactory  service  for  seven  or  eight  thousand  miles,  but  these 
instances  have  been  the  exception  rather  than  the  rule.  It  is  the 
©pinion  of  most  motorists  who  have  had  practical  experience 
that  if  an  ordinary  set  of  shoes  will  give  a  service  averaging 
four  thousand  miles  that  they  are  equal  to  the  demands  made 
upon  them  and  that  they  are  satisfactory.  It  may  be  stated  that 
tires  will  last  longer  on  light  trucks  than  heavy  ones,  and  the 
service  obtained  from  tires  fitted  to  vehicles  driven  at  low  and 
moderate  speeds  will  be  much  greater  than  that  obtained  from 
tires  fitted  to  high-speed  trucks.  There  is  also  a  personal  ele- 
ment which  must  be  taken  into  consideration,  and  that  is  the 
way  that  the  car  is  driven  and  the  care  taken  of  the  shoes  and 
inner  tubes. 

It  is  necessary,  therefore,  in  all  cars  using  pneumatic  tires  to 
carry  a  certain  amount  of  equipment  for  handling  and  repairing 
these  on  the  road.  A  typical  outfit  is  shown  at  Fig.  265,  this 
consisting  of  a  spare  outer  casing,  two  extra  inner  tubes  for  re- 
placement purposes,  a  blow-out  sleeve,  a  number  of  patches,  and 
an  acid-cure  vulcanizing  outfit  or  small  flame  outfit  for  apply- 
ing them.  Tire  irons  must  be  provided  to  remove  the  casing 
from  the  rim ;  the  jack  is  used  to  raise  the  wheel  of  the  vehicle 
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on  which  the  defective  tire  is  installed  from  the  ground  and  make 
it  possible  to  remove  the  tire  completely  from  the  wheel.  The 
air  pump  is  needed  to  inflate  the  repaired  tube  or  the  new  mem- 
ber inserted  to  take  its  place.  The  talcum  powder  is  sprinkled 
between  the  casing  and  the  tube  to  prevent  chafing  or  heating, 
while  the  spare  valves  and  valve  tool  will  be  found  useful  in 


Fig.  266. — Details  of  Power  Operated  Air  Pump  Driven  From  the  Change 
Speed  Gearing  to  Which  It  Is  Attached. 


event  of  damage  to  that  important  component  of  the  inner  tube. 
As  it  is  desirable  to  inflate  the  tires  to  a  certain  definite  pressure, 
a  small  gauge  which  will  show  the  amount  of  compression  in 
the  tire  is  useful. 

When  the  tires  of  the  pneumatic  form  are  applied  to  a  motor 
truck,  they  are  of  very  large  size,  and  blowing  them  up  with  a 
hand-operated  pump  would  be  very  arduous  work.  For  that 
reason,  a  power-driven  air  pump,  as  shown  at  Fig.  266,  is  usually 
fitted  to  the  truck  chassis  in  some  position  where  it  can  be  driven 
off  of  the  engine  or  the  side  of  the  change-speed  gearing,  this 
furnishing  all  the  air  necessary  without  any  exertion  on  the 
•perator's  part. 

Pneumatic  Motor  Truck  Tires. — Data  compiled  by  the  Good- 
year Tire  and  Rubber  Co.,  Akron,  Ohio,  who  were  pioneers  in 
the  application  of  air-filled  tires  on  motor  trucks,  show  that  these 
have  advantages  in  certain  applications  that  are  of  marked  value. 
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In  a  recent  article  on  this  subject  they  give  facts  supported  by 
reports  of  users  which  indicate  that  they  have  been  used  suc- 
cessfully on  many  kinds  of  trucks.  Never  in  the  history  of  the 
motor  truck  industry  has  any  proposition  presented  itself  which 
had  greater  possibilities  than  pneumatic  cord  truck  tires  seem 
to  have.    Many  years  have  been  spent  in  the  development  of 


Figs.  267A  and  B. — Large  Pneumatic  Tires  Fitted  to  Trucks,  Fire  Ap- 
paratus at  A  and  Contractor's  Equipment  at  B. 


this  tire,  with  the  result  that  today  the  product  is  fully  beyond 
the  experimental  stage  and  meeting  with  success  in  the  truck 
tire  field.  All  the  advantages  of  the  pneumatic  cord  tire  for 
trucks  center  around  two  fundamental  qualities — cushioning  and 
traction.  Cushioning — Reduction  of  truck  repairs  and  truck  de- 
preciation. Reduction  in  load  damage.  Traction — Greater  daily 
radius  of  operation.    Savings  in  fuel  and  oil. 

Compressed  air  enclosed  in  tubes  protected  by  the  casings  of 
the  cord  tire  construction  provides  the  best  cushion  ever  dis- 
covered for  transportation  purposes.  It  is  the  cushioning  that 
evens  truck  action,  that  smooths  its  travel — not  merely  over 


Digitized  by  Google 


Pneumatic  Truck  Tires 


425 


bumpy  going,  but  over  the  heavier  rolling,  rugged  and  stony 
roads.  The  result  is  a  reduction  of  repair  bills,  less  time  spent 
in  costly  lay-ups,  less  depreciation  of  truck,  minimum  breakage 
of  fragile  goods.  The  cushioning  of  the  pneumatics  shows  sav- 
ing: (a)  In  trucks,  (b)  In  hauling  time,  (c)  In  loads,  (d)  In 
roads. 

Reports  from  those  who  haul  fragile  merchandise,  such  as 
glassware  and  the  like,  The  Westinghouse  Glass  Co.,  furnishes 


Pig.  267C. — Pneumatic  Truck  Tires  Increase  Truck  Speed  and  Lessen 

Depreciation  of  Mechanism. 


a  good  example  of  the  cushioning  qualities  of  these  pneumatics. 
The  Chicago  branch  of  this  company  conducted  a  test,  covering 
a  long  period,  in  which  it  was  determined  the  percentage  of 
breakage  in  Mazda  lamps  transported  by  three  different  meth- 
•ds.  Average  breakage,  by  freight  or  express,  11  per  cent;  by 
truck  on  solids,  15  per  cent;  on  pneumatic  cords,  4  per  cent. 

Careful  observations  by  highway  engineers  have  shown  that 
olid-tired  trucks  tend  to  increase  the  cost  of  highway  upkeep, 
t-ven  on  hard  surface  highways.  On  the  other  hand,  trucks  on 
[meumatic  cord  tires  have  no  more  effect  than  the  lightest  pas- 
senger tires.  Also,  the  vibration  of  solid-tired  trucks  produced 
Sweater  strain  on  bridges — trucks  on  pneumatics  roll  smoothly 
across,  causing  least  jarring  and  shaking.    As  definite  knowledge 
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on  this  subject  is  accumulated,  it  is  expected  that  the  road  effect 
of  truck  tires  will  develop  into  an  important  factor  in  determin- 
ing the  type  of  tires  on  most  trucks  used  on  our  highways. 

The  pneumatic  cord  tire  has  a  broad  wearing  surface,  plus  a 
positive  grip  on  ground  surface.  The  non-skid  feature  of  the 
pneumatic  cord  tire  enables  uninterrupted  travel  through  sand, 
snow,  mud,  or  on  ice.    Such  conditions  cause  hard  edge  solids 


1 


Fig.  268. — Large  Size  Pneumatic  Truck  Tire  Mounted  on  Demountable 
Rim  Shown  at  Left.   Wheel  of  Reo  Speed  Wagon  Shown  at  Right. 

to  slip  and  stall.  Consequently,  the  pneumatic-tired  truck  has 
greater  earning  power.  Trucks  on  pneumatic  cord  tires  can 
maintain  their  usual  rate  of  speed  over  rough  sections  on  which 
solid-tired  trucks  must  slow  down.  In  addition  it  has  been  noted 
that  pneumatic-tired  trucks  cover  more  distance  and  carry  more 
loads  on  good  roads  in  a  day.  They  enable  the  truck-owners  to 
cut  down  labor  cost  and  unit  mile  cost  while  increasing  the  ter- 
ritory and  number  of  customers  served. 

In  increasing  the  daily  radius  of  operation  pneumatic  tire  cords 
enable  trucks  to  maintain  their  usual  rate  of  speed  most  of  the 
time.  They  do  increase  the  minimum  speed  of  trucks,  and  the 
average  speed  of  units,  formerly  on  solids,  usually  is  consider- 
ably higher  as  a  result.    Cushioning  and  traction  save  that 


Digitized  by  Google 


Pneumatic  Truck  Tires 


427 


slowing  down  over  bad  stretches  that  is  necessary  on  solid  tires. 
Pneumatic-tired  trucks  are  most  active  in  traffic  and  quicker  at 
the  get-away. 

The  reduction  of  vibration  saves  the  truck  mechanism  and 
depreciation  is  reduced  a  noticeable  degree.  Some  truck-owners 
report  less  repairs  after  running  on  pneumatics  a  year  than  were 
necessary  on  solid-tire  equipped  trucks  in  a  few  months. 

Directions  for  Application  of  Pneumatic  Truck  Tires. — First 
— With  a  small  pneumatic  tire  it  is  customary  first  to  insert  the 
valve  of  the  tube  through  the  valve  stem  hole  of  the  rim,  and 
then  to  pry  and  pound  the  tire  over  the  rim.  This  method  can- 
not be  followed  with  a  pneumatic  truck  tire  because  of  the  stiff- 
ness of  the  beads  and  the  width  of  the  rim.  Instead,  you  first 
lay  the  tire  squarely  on  the  rim  with  the  valve-stem  over  the 
valve-stem  hole  of  the  rim. 

Second — Allow  the  tire  to  drop  down  evenly  until  the  valve- 
stem  is  reached,  then  press  the  valve-stem  down  sideways  and 
toward  the  end  of  the  flap. 

Third — Hold  the  valve-stem  in  this  position  with  a  thin  bar, 
taking  care  when  the  tire  slips  down  the  rest  of  the  way  that 
the  valve-stem  does  not  catch  in  the  locking  groove.  During 
this  operation  a  valve-cap  should  be  put  on  the  valve-stem  to 
protect  the  threads.  New  types  of  rims  are  being  made  which 
have  valve-stem  slots  to  facilitate  application  of  tire. 

Fourth — When  the  tire  is  completely  on  the  rim  it  can  be 
readily  turned  from  one  side  to  the  other  until  the  valve-stem 
appears  at  the  valve-stem  hole  and  can  be  pulled  through.  Next 
the  rim  nut  should  be  screwed  on  the  valve-stem  until  the  valve 
is  fastened  securely  in  the  center  of  the  valve-stem  hole. 

Fifth — You  are  now  ready  to  put  on  the  second  side  ring, 
which  will  slip  over  the  rim  easily  if  too  much  air  has  not  been 
put  in  the  inner  tube.  By  means  of  a  large  tire  iron,  force  the 
side  ring  down  into  place  all  the  way  round  the  tire.  You 
should  now  be  able  to  insert  the  hooked  end  of  the  locking  ring 
into  the  locking  ring  hole.  Continue  to  press  the  side  ring  down 
and  at  the  same  time  fit  the  locking  ring  into  the  channel. 

Sixth — Care  should  be  taken  not  to  spring  the  locking  ring 
during  this  operation.  When  mounting  the  42x9  and  44x10 
mzc  it  will  be  necessary  to  pound  this  ring  somewhat  before 
entering  the  channel.  Be  certain  that  the  locking  ring  has 
sprung  into  place  around  its  entire  circumference. 
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Seventh — The  tire  is  now  ready  for  inflation.  Remember— 
Underin flat  ion  Ruins  Tires — so  avoid  this  risk.  To  make 
sure  that  you  are  using  the  proper  inflation  pressure  for  the 
load  the  tire  is  to  carry,  consult  the  inflation  chart  below,  and 
use  pressure  gauge  when  inflating  the  tire.  Never  run  a  tire 
flat  or  very  much  deflated — it  means  ruin.  Also  guard  carefully 
against  overloading. 

GOODYEAR  CORD  TIRES  FOR  TRUCKS 
Proper  Loads  and  Inflation  Pressures 


Inflation  The  Section  Diameter 

Pressure  (lbs.)  A'A-in.     Sin.     6-in.     7-in.     8-in.     9  in.    10-in.  12-ia. 

80   1350  1570 

90   1660  2000 

100    2700 

110    3650 

120   4650 

130    5800 

140   8500 


Note  that  the  ideal  tire  loads  under  average  conditions  are  shown.  Do  not 
inflate  harder  than  the  specified  figures. 

Machine  for  Handling  Large  Tires. — The  Vance  Engineering 
Company,  227-233  West  Erie  Street,  Chicago,  announces  through 
the  "Power  Wagon"  a  tire-setting  machine,  which  it  claims  is 
one  of  the  biggest  boons  to  the  manufacturers  and  users  of 
large  pneumatic  tires  yet  produced.  Realizing  that  the  use  of 
large  pneumatic  tires  on  heavy  motor  trucks  is  practical  and 
knowing  the  difficulty  encountered  in  placing  a  tire  of  large  di- 
mension on  a  rim,  likewise  the  removal  of  such  a  tire,  this  com- 
pany began  experimental  work  several  months  ago  on  a  device 
to  reduce  this  process  to  a  minimum,  and  after  numberless  tests 
on  all  sizes  of  tires  and  types  of  rims,  finally  produced  the  ma- 
chine as  shown  in  the  accompanying  cut,  Fig.  269.  Probably 
the  biggest  factor  in  connection  with  the  machine  is  that  of  the 
speed  with  which  tires  are  placed  on  rims  or  removed  there- 
from. Tests  on  various  makes  of  tires  show  the  following  re- 
sults: 48  by  10-inch,  one  tire  q.  d.  rim,  2  minutes;  38  by  7-inch, 
one  tire  q.  d.  rim,  1%  minutes ;  35  by  5-inch,  one  tire  s.  s.  split,  2 
minutes;  34  by  4^-inch,  one  tire  clincher,  q.  d.,  \l/2  minutes. 

Removals  are  made  in  like  time.  It  is  quite  common  under 
the  old  method  to  have  two  men  spend  thirty  minutes  to  an 
hour  in  hard,  nerve-racking  labor  placing  one  of  these  tires  on 
the  rim,  even  when  working  under  ideal  conditions.  The  care 
which  must  be  exercised  when  doing  the  work  by  hand  for  fear 
of  damaging  the  bead  of  the  rim  naturally  means  slow  work. 
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The  saving  in  time  apparently  is  great.  The  positive  and  uni- 
form operation  and  pressure  as  applied  assures  a  lesser  wear 
on  the  bead  of  the  tire,  which  is  the  all-important  spot  that  has 
to  be  contended  with.  The  fact  that  the  machine  is  operated 
by  foot  power,  eliminating  extras  in  the  way  of  motor  or  other 
driving  power,  and  takes  up  a  space  of  only  sixteen  square  feet, 


Fif.  269. — Special  Machine  for  Mounting  and  Demounting  Large  Pneu- 
matic Tires. 


tnakes  it  an  easy  and  inexpensive  installation.  The  machine  is 
constructed  along  simple  lines,  all  parts  being  machined, 
hydraulic  pressure  being  the  motive  power,  and  all  parts  are 
easily  accessible.  Various  shoes  are  furnished  as  a  part  of  the 
standard  equipment,  enabling  one  to  handle  rims  of  all  types. 
The  change  from  one  set  of  shoes  to  another  can  be  made  in 
fess  than  one  minute. 

Features  of  Cushion  Tires. — Some  classes  of  vehicles  that  are 
not  designed  to  run  at  high  rates  of  speed,  and  which  are  not 
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intended  to  carry  heavy  loads,  are  filled  with  cushion  tires. 
While  these  do  not  have  the  resiliency  of  the  pneumatic  form, 
they  have  much  greater  flexibility  than  solid-rubber  tires.  For 
this  reason  they  are  sometimes  used  on  the  electrically  propelled 
light  delivery  or  pleasure  vehicles  and  sometimes  on  the  light- 
weight commercial  cars  of  the  gasoline  type.  Some  of  the 
popular  forms  of  cushion  tires  are  shown  at  Fig.  270.  At  A  the 
tire  tread,  which  is  of  the  dual  form,  is  molded  in  such  a  man- 
ner that  a  series  of  shallow  grooves  are  formed  around  the  tire. 
These  incline  from  the  outside  toward  the  center  and  are  de- 


Fig.  270. — Cushion  Tires  which  Provide  More  Resiliency  than  Solid 
Rubber  Tires,  but  which  are  Not  Equal  to  the  Air-filled  Forms. 

pended  on  to  give  improved  traction  as  well  as  to  make  the  tire 
more  resilient.  The  base  of  the  tire  is  pierced  with  a  large- 
number  of  holes  which  extend  clear  through  from  side  to  side, 
so  the  outer  tread  or  load-carrying  portion  is  supported  on  a 
series  of  rubber  bridges  which  are  adapted  to  bend  and  provide 
a  certain  degree  of  flexibility. 

The  cushion  tire  shown  at  B  is  similar  in  form  to  the  conven- 
tional clincher  casing,  and  is  designed  to  be  used  on  clincher 
rims  of  the  pattern  commonly  supplied  with  pneumatic  tires. 
The  flexible  feature  of  this  tire  is  obtained  by  using  a  number 
of  rubber  load-supporting  partitions  to  join  the  walls  of  the  tire, 
and  at  the  same  time  they  are  separated  from  each  other  by  an 
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ir  space  of  sufficient  size  so  the  tire  will  distort  more  easily 
han  the  conventional  solid-rubber  pattern.  The  cushion  tire 
hown  at  C  depends  upon  the  form  of  tread  to  provide  resiliency, 
nd  it  would  not  be  as  flexible  as  either  of  the  two  forms  previ- 
usly  considered. 

One  objection  to  either  solid  or  cushion  tires  is  that  a  deep 
ut  or  stone  bruise  will  seriously  weaken  the  entire  structure, 
fhereas  only  a  limited  portion  is  really  unfit  for  use.  Then, 
gain,  sometimes,  when  brakes  are  locked  too  suddenly,  a  por- 


l-  270A. — Outlining  Construction  and  Methods  of  Fastening  Solid 

Rubber  Tires  to  Wheels. 


on  of  the  tire  may  be  worn  more  than  the  other  parts,  but  the 
ritire  efficiency  of  the  tire  will  be  affected  and  the  strength  will 
tyend  upon  that  of  the  weakest  portion. 

Forms  of  Solid-Rubber  Tires. — On  very  heavy  commercial 
Nicies  it  is  not  considered  advisable  to  use  pneumatic  tires, 
tcause  these  would  have  to  be  of  very  large  size  to  carry  the 
*<is  imposed  by  the  usual  heavy  truck  chassis  and  loaded  body, 
h  the  speeds  of  these  vehicles  are  not  very  high,  solid-rubber 
may  be  employed  to  advantage.  These  are  molded  from 
i*tial  rubber  compositions  in  one  continuous  ring,  and  they  are 
dually  provided  with  some  form  of  metal  reinforcement  at  the 
•ttom  which  insures  that  they  will  clamp  tightly  against  the 
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rim  or  the  felloe  band.  Various  forms  of  quick-detachable  rims 
have  been  evolved  to  hold  these  members  in  place,  and  the  metal 
reinforcements  at  the  bottom  vary  from  simple  transverse  wires 
fco  continuous  bands  of  steel  molded  integral  at  the  base  of  the 
rubber  rings. 

A  number  of  solid  tires  and  methods  of  attachment  are  clearly 
Mown  at  Fig.  270A.  Single  tires  of  this  form  are  used  on  the 
'iront  wheels  of  practically  all  trucks,  though  the  rear  members 
art  generally  supplied  with  dual  tires,  which  have  greater  ear- 
ning capacity  and  which  also  lessen  the  dangers  of  side  slip  on 
hret  pavements.  When  twin  tires  are  used  it  is  desirable  that 
[they  be  installed  in  such  a  way  that  they  can  be  readily  removed 
ffrora  the  wheel  for  replacement  in  event  of  wear,  and  it  is  also 
[thought  necessary  to  provide  means  of  attachment  of  such  nature 
jthat  they  can  be  removed  independently,  if  desired.  Various 
dual  tire  forms  and  the  method  of  holding  them  in  place  are 
shown  at  Fig.  271. 
Solid-rubber  tires  applied  to  trucks  are  sometimes  of  such 
rm  that  special  machinery  is  needed  to  install  them,  and  the 
work  can  only  be  done  at  depots  where  this  form  of  machinery 
rmed  part  of  the  equipment.  When  accident  to  the  tire  or 
natural  wear  made  it  necessary  to  replace  the  worn  member  with 
%  new  one,  the  wheel  had  to  be  removed  from  the  truck  and 
sent  to  the  tire  company's  station  to  be  fitted  up  with  tires. 
This  meant  a  loss  of  time  of  some  magnitude,  which  has  been 
entirely  overcome  by  the  new  demountable  construction.  Spare 
tires  may  be  carried  in  stock  and  may  be  used  to  replace  the 
damaged  members  without  the  use  of  special  applying  machin- 
ery in  most  instances  and  without  necessitating  the  removal  of 
the  wheel. 

i  Installing  Solid  Tires. — At  the  present  time  the  solid  tires  used 
*n  trucks  are  generally  a  pressed-on  type,  because  these  have 
p*n  found  to  gi"e  the  best  satisfaction  as  compared  with  the 
femountable  types,  and  few  owners  have  equipment  for  rcmov- 
or  installing  them  on  wheels. 
To  meet  these  requirements  the  Wellman-Seaver-Morgan  Co.. 
ieveland,  O..  has  recently  developed  a  hydraulic  press  for 
P'tunting  and  demounting  solid  tires.  The  illustration  at  Fig. 
shows  one  of  these  presses.  The  press  consists  of  an  upper 
lower  platen  held  in  a  frame  of  I  beams.  The  lower  platen 
fc  muved  by  a  ram  working  in  a  cylinder  and  actuated  by  a 
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hydraulic  pump.    The  press  is  equipped  with  pressure  gaup 
relief  valve  and  control  valve,  and  can  be  either  driven  from 
line  shaft  or  by  a  separate  motor. 

To  mount  a  tire,  the  ram  is  lowered,  the  wheel  is  placed  on  th 
lower  platen  and  the  tire  in  position  above  it.  Power  is  the 
applied,  either  by  throwing  the  belt  on  the  tight  pulley  or  star 
ing  the  motor.  The  control  valve  is  then  closed  and  the  tire 
pressed  onto  the  wheel.  To  demount  a  tire,  a  ring  is  placed  o 
the  lower  platen  just  large  enough  to  clear  the  wheel  which 
placed  upon  it.  A  second  ring  or  a  set  of  blocks  is  placed  o 
the  circumference  of  the  wheel,  the  control  valve  is  then  close 
and  the  tire  pressed  down  off  the  wheel  rim. 

The  presses  are  designed  to  mount  and  demount  all  sizes  u 
to  the  largest  solid  tire  built — 42  by  14  inches.  These  press( 
are  giving  the  best  of  satisfaction,  and  it  is  claimed  that  a  fr<»i 
wheel  has  been  removed,  the  old  tire  pressed  off,  a  new  til 
installed  and  the  wheel  remounted  in  seven  minutes.  The  san 
work  has  been  done  with  rear  wheels  and  dual  tires  in  45  minute 


SOLID  TIRE  AND  WOOD  WHEEL  SIZES 


Capacity 
of  vehicle 
in  Tons 

Position 
and  kind 
of  Tire 

Size  »f 
Tire  in 
Inches 

Spokes 

Width 
Number     in  Inches 

Diameter  Weight 
Flange      Wheel  t 
Inches*  Pound; 

1 

Front,  single 

36x4 

12 

2 

9 

•* 

1 

Rear,  single 

36x6 

14 

2V4 

10 

9. 

2 

Front,  single 

36x4 

12 

2 

9X 

4 

2 

Rear,  dual 

36x4 

14 

2V* 

10/, 

11! 

3 

Front,  single 

36x5 

14 

10 

7 

3 

Rear,  dual 

36x5 

14 

3 

12 

16. 

4 

Front,  single 

36x5 

14 

2/a 

11/, 

7, 

4 

Rear,  dual 

40x5 

14 

PA 

13 

201 

5-534- 

Front,  single 

36x6 

14 

3 

12 

1(1 

Rear,  dual 

40x6 

14 

4 

135* 

2M 

7— 7J4 

Front,  single 

36x7 

14 

3 

12 

111 

7-7% 

Rear,  dual 

40x7 

14 

4 

14 

27J 

Removing  the  wheels  from  the  axles  and  spindles  is  anoth* 

work  that  can  be  expedited  with  the  simplest  equipment,  yet  tw 

men  are  often  needed  to  do  this  and  the  labor  is  heavy.  Whe 

- 

the  wheel  has  been  jacked  a  short  piece  of  hard  wood  board  C 
plank  and  three  short  pieces  of  iron  pipe  or  rod  should  be  shove 
under  it,  the  pipe  or  rod  at  right  angles  to  the  axle.  The  hoar 
should  be  two  inches  thick,  18  inches  long  and  six  inches  wid 
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and  the  pipe  or  rod  may  be  from  six  inches  to  a  foot  long,  as 
shown  at  Fig.  273. 

With  the  wheel  resting  on  the  board  it  may  be  drawn  off  the 
axle,  and  then  run  off  the  board  and  placed  wherever  wanted. 
The  same  equipment  will  serve  on  even  rough  ground  by  using 


Mounting  Tire    Beginning  of  Stroke 


Mounting  Tire   fcnd  <»f  Stroke 


Fig.  272. — Press  Used  for  Installing  and  Removing  Solid  Rubber  Truck 

Tires. 

two  pieces  of  board  with  the  pipe  or  rod  rolls  between  them,  and 
jacking  the  wheel  higher.  When  replacing  wheels  the  boards 
and  rolls  are  used  in  reverse  of  the  removal.  With  the  boards 
and  rolls,  which  cost  practically  nothing,  one  man  can  handle  a 
wheel  as  well  as  two.  Special  cranes  may  be  procured  for  this 
work  from  makers  of  garage  appliances. 

Utility  of  Motor  Truck  Brakes. — One  of  the  most  important 
of  the  components  of  the  motor  truck  controlling  system  is  usu- 
ally carried  with  and  forms  part  of  the  rear  construction,  this 
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being  the  braking  means  which  is  utilized  to  bring  the  truck  to 
a  stop  when  it  is  desired  to  arrest  forward  or  backward  motion. 
It  will  be  evident  that  in  a  horse-drawn  vehicle  the  animal  draw- 
ing it  can  be  used  as  a  brake,  but  that  in  any  form  of  self- 
propelling  conveyance  it  is  essential  that  some  means  of  stop- 
ping be  included  in  the  construction.  Even  if  the  clutch  was 
operated  in  such  a  way  that  the  motor  was  disconnected  from 


Fig.  273.— Easy  Method  of  Removing  Heavy  Truck  Wkeel  from  Axle. 


the  driving  wheels,  the  conveyance  would  continue  to  move  be- 
cause it  had  acquired  a  certain  momentum  which  would  increase 
in  value  with  the  weight  of  the  car,  the  gradient  and  the  speed 
at  which  it  was  driven. 

On  some  forms  of  horse-drawn  vehicles,  particularly  those  of 
large  capacity,  some  form  of  supplemental  retarding  member 
must  be  provided  to  assist  the  braking  effect  of  the  animal  which 
may  not  be  sufficient  to  stop  the  vehicle  when  descending  grades 
or  when  operated  with  some  degree  of  speed  on  the  level. 

A  simple  form  of  shoe  brake,  such  as  used  on  a  horse-drawn 
conveyance,  is  shown  at  Fig.  274.  This  consists  of  a  brake  block 
of  wood  or  other  material  carried  at  the  end  of  a  fulcrumed  lever 
which  in  turn  is  joined  to  a  pedal  by  a  connecting  link.  When 
it  is  desired  to  bring  the  vehicle  to  a  stop,  a  moderate  degree  of 
pressure  at  the  foot  pedal  will  bring  the  brake  block  in  contact 
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with  the  tire  on  the  periphery  of  the  wheel  and  but  a  very  mod- 
erate amount  of  pressure  suffices  to  lock  the  wheel  in  a  positive 
manner.  This  construction  could  not  be  very  well  applied  to 
motor  vehicles,  because  the  action  of  the  shoe  against  the  rubber 
tire  would  be  apt  to  produce  rapid  depreciation  of  these  costly 
elements.    For  this  reason  the  brakes  of  automobiles  are  espe- 


Pif.  274. — Simple  Form  of  Shoe  Brake  Used  on  Horse-Drawn  Vehicles. 


daily  designed  so  that  they  will  wear  instead  of  producing  de- 
terioration of  the  points  to  which  they  are  applied. 
Forms  of  Motor  Car  Brakes. — The  braking  membersrgenerallv 

>•  '1  on  motor  trucks  may  In*  divided  into  two  classes,  each  of 
these  depending  upon  the  property  of  frictional  adhesion  be- 
tween substances  held  together  by  considerable  pressure.  The 
usual  construction  is  to  attach  a  drum  to  some  portion  of  the 
change-speed-mechanism,  to  the  final  drive  gear  or  to  the  wheels 
themselves.    At  the  present  time  most  engineers  favor  applying 

•ne  of  the  brakes  directly  to  the  driving  wheels,  and  pressed- 
;teel  drums  are  usually  fastened  to  these  members,  against  which 
the  brake  acts.    The  retarding  effect  may  be  obtained  either  by 
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an  internal  expanding  shoe  brake  or  by  an  external  contracting 
hand  brake. 

The  principal  forms  are  outlined  at  Fig.  275.  One  of  these 
consists  of  an  internal  expanding  band  member  consisting  of  an 
asbestos  band  which  conforms  to  the  curvature  of  the  brake 
drums.  The  ends  of  the  band  are  spread  apart  and  brought  into 
forcible  contact  with  the  drum  by  means  of  a  simple  lever  and 
toggle  linkage.  Another  method  of  expanding  the  internal  band 
so  it  will  engage  the  inner  surface  of  the  drum  is  outlined  at 


Fig.  275.— Typical  Motor  Truck  Brake  Assembly.    One  of  - These  Sets 

Is  Provided  for  Each  Rear  Wheel. 


Fig.  279,  A.  In  this  the  toggle  linkage  is  replaced  by  a  cam 
which  is  rocked  by  a  lever  to  force  the  brake  shoes  apart  when 
it  is  moved  in  one  direction  and  permits  them  to  close  up  and 
release  the  drum  when  it  is  rocked  the  other  way. 

The  external  .brake  shown  at  Fig.  275  consists  of  a  steel  band 
which  is  lined  with  some  friction  material  possessing  considera- 
ble resistance  to  heat,  such  as  asbestos-wire  fabric.  The  band 
is  attached  to  lever  in  such  a  way  that  it  will  be  brought  into 
forcible  engagement  with  the  external  surface  of  the  drum  it 
the  end  of  the  lever  is  moved.  Another  form  of  external  brake 
is  depicted  at  Fig.  279,  B.  This  is  a  very  efficient  double  shoe 
form,  and  it  has  great  holding  power.    The  shoes  may  be  ad- 
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justed  as  the  friction  material  wears,  and  thus  the  brake  may 
be  always  kept  in  perfect  adjustment. 

At  Fig.  277,  which  shows  the  axle  of  I.  H.  C.  trucks,  one  will 
notice  two  internal  expanding  bands  are  mounted  inside  of 
each  brake  drum,  one  pair  of  these  being  connected  to  a  pedal 
and  used  as  a  service  brake,  while  the  other  is  attached  to  a 
hand  lever  and  is  depended  upon  as  an  emergency  or  auxiliary 
braking  member.  The  cast  shoes  are  hinged  at  their  lower  end 
and  are  faced  with  friction  material.   They  are  spread  by  means 


Fig.  276.— External  Constricting  Band  Brake  Used  on  Light  Truck. 


of  cam  expanders,  and  when  the  shoes  are  spread  apart  they 
engage  the  inner  portion  of  the  brake  drums  with  considerable 
force. 

A  combination  of  internal  expanding  and  external  constricting 
brakes  is  shown  at  Fig.  275.  This  is  a  very  common  method  of 
construction  and  is  found  on  many  passenger  cars  and  a  number 
of  trucks.  The  inner  brakes  are  usually  depended  on  for  emer- 
gency service,  while  the  outer  brakes,  which  may  be  more  easily 
applied,  are  used  for  braking  under  ordinary  conditions.  A  com- 
mon brake  drum  serves  both  brakes,  as  the  expanding  member 
will  engage  the  inner  periphery,  while  the  external  band  will 
contract  around  the  outer  face  of  the  drum. 
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The  braking  members  in  automobiles  have  been  mounted  on 
both  front  and  rear  wheels,  on  the  jackshaft  of  a  double-chain 
driven  car,  or  on  the  propeller  shaft  of  a  bevel  or  worm-gear 
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Fig.  277.— Rear  Axle  of  L  H.  C.  Truck  with  Wheels  Removed  to  Show 

Double  Internal  Band  Brakes. 


drive  arrangement.  The  propeller  shaft  brake  of  Packard  trucks 
is  clearly  shown  at  B,  Fig.  279,  and  consists  of  a  pair  of  lined 
shoes  carried  by  curved  levers  which  are  brought  together  by 
cam  mechanism.  This  form  is  sometimes  known  as  a  "caliper" 
brake. 
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The  usual  methods  of  brake  actuation  by  pedal  and  hand  lever, 
also  the  connecting  linkage  and  means  of  adjustment  for  both 
internal  and  external  brakes,  are  shown  at  Figs.  278A,  and  278B. 

Ball  and  Roller  Bearings. — The  plain  bearings  which  have  re- 
ceived wide  application  in  all  forms  of  machinery  are  not  as 
popular  in  automobile  construction,  because  in  the  self-propelling 


Viewed  from  Rear                           Side  View 
_ ^ ^— — — — —  

Pig.  278B. — Diagrams  Showing  Construction  of  Hand-Actuated  External 
Constricting  Band  Brake  Acting  on  Drum  Attached  to  Driving  Shaft 
at  Rear  of  Change-Speed  Gear  Box. 

mechanism  it  is  important  that  the  power  generated  by  the 
motor  should  be  delivered  to  the  traction  members  with  as  little 
loss  as  possible.  Plain  bearings  consume  considerably  more 
power  than  do  the  anti-friction  types,  and  because  of  this  the 
latter  are  employed  generally  throughout  the  power  transmission 
system  and  wheels  of  all  types  of  cars,  while  they  have  replaced 
the  plain  bearings  used  on  motor  crankshafts  to  some  extent  as 
well.  Anti-friction  bearings  are  those  in  which  rolling  friction 
is  substituted  for  sliding  friction  and  consume  from  one-fourth 
to  one-eighth  as  much  power  as  plain  bearing  forms  of  equiva- 
lent capacity. 

All  anti-friction  bearings  may  be  divided  in  two  general  classes, 
those  employing  balls  to  carry  the  load,  as  shown  at  A  and  B, 
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Fig-.  280,  and  the  other  types  depicted  at  C  and  D,  which  utilize 
rollers.  The  ball  bearing  depicted  at  A  is  a  cup  and  cone  form, 
patterned  somewhat  after  bearings  that  have  received  wide  ap- 
plication in  bicycles  and  numerous  other  light  machines.  This 
bearing  has  an  angular  contact,  and  is  capable  of  taking  radial 
and  thrust  loads.  A  radial  load  is  one  applied  at  a  right  angle 
to  the  center  line  of  the  shaft  passing  through  the  bearing  cone, 


Fig.  279.— Internal  Expanding  Shoe  Brake  of  Packard  Truck  at  A.  The 
Special  "Caliper"  or  Clamping  External  Shoe  Brake  Used  on  Drive 

Shaft  Shown  at  B. 
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Pig.  280. — Common  Types  of  Anti-Friction  Bearings  Used  in  Motor 

Truck  Construction. 

while  an  end  thrust  is  a  load  that  tends  to  push  the  cone  laterally 
against  the  cup.  An  angular  resultant  is  a  load  composed  of  a 
combination  of  end  thrust  and  radial  stress.  A  ball  or  roller  bear- 
ing having  angular  line  of  contact  is  suited  to  resist  either  a 
radial  or  thrust,  load  or  a  combination  of  the  two.  Angular  con- 
tact bearings,  or  the  cup  and  cone  type,  are  adjustable  to  a  cer- 
tain degree,  inasmuch  as  lost  motion  may  be  eliminated,  if  not 
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due  to  bearing  depreciation,  by  forcing  the  cup  or  cone  into  more 
intimate  contact  with  the  balls,  providing  the  other  member  is 
held  against  a  suitable  shoulder  in  the  housing  or  on  the  shaft. 
The  ball  bearing  shown  at  B  is  an  annular  form  having  a  vertical 


How  leads  ore       Ball  Thrust  Single  Row  Double  Row 

opplicd  on  Bearings 


Fig.  281. — Types  of  Ball  Bearings  Used  in  Motor  Truck  Construction. 

load  line,  and  is  thus  adapted  only  for  radial  loads  and  very  light 
end  thrust. 

The  roller  bearing  shown  at  C  is  provided  with  straight  rolls, 
and  can  only  take  radial  loads  just  as  the  ball  bearing  shown  at 
B.  The  roller  bearing  depicted  at  D,  which  employs  tapered 
inner  and  outer  race  members  and  correspondingly  tapered  roll- 
ers, is  capable  of  resisting  end  thrust  as  well  as  radial  loads,  but 
as  is  true  of  the  cup  and  cone  bearing  depicted  at  A,  the  direc- 
tion of  the  load  must  be  such  that  the  bearing  parts  will  be  forced 
more  closely  together.    If  a  straight  roller  bearing  or  an  annular 


Fig.  282. — Cuts  Showing  Difference  Between  Single  and  Double  Row 

Bearings. 
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ball  bearing  having  a  vertical  line  of  contact  is  used  at  points 
where  considerable  end  thrust  exists,  it  is  necessary  to  apply 
another  bearing  to  resist  the  thrust.  A  double  row  form  of 
bearing,  such  as  shown  at  D,  Fig.  281,  or  B,  Fig.  282,  which 


Fig.  283.— Front 


Wheel  of  Heavy  Truck  Mounted  on  Double  Row  Ball 
Bearings. 


consists  virtually  of  two  cup  and  cone  bearings  mounted  to- 
gether in  a  common  shell,  has  received  general  application  be- 
cause it  can  take  the  loads  applied  from  any  direction.  The  load 
lines  are  at  an  angle  and  diverge  from  the  center  line  of  the 
bearing  outwardly.  A  radial  load  will  be  resisted  by  both  rows 
of  balls,  while  a  thrust  load  from  either  direction  will  be  sus- 
tained by  the  outer  race  and  balls  opposite  the  point  of  applica- 
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tion,  assuming  that  the  outer  race  is  held  against  an  abutment 
or  shoulder  in  the  housing  while  the  load  is  applied  to  the  cone. 

The  angularity  of  a  load  line  of  a  bearing  affects  radial  end 
thrust  capacity  depending  upon  the  angle  the  load  line  assumes 
with  the  horizontal  or  vertical  center  lines  of  the  bearing.  As 
a  bearing  with  a  vertical  load  line  has  the  greatest  radial  ca- 
pacity and  practically  no  resistance  to  end  thrust,  it  follows  that 
one  with  a  horizontal  load  line  will  have  the  greatest  thrust 
capacity  and  practically  no  resistance  to  radial  loads.  This  is 
clearly  shown  at  Fig.  281. 

Roller  bearings  may  be  made  with  either  solid  or  flexible  rolls. 
A  solid  roller  should  be  short  in  order  to  prevent  deflection  or 
distortion  of  the  roll  if  the  stress  is  not  evenly  applied.  If  long 
solid  rollers  are  used,  one  end  will  tend  to  travel  faster  than  the 
other,  and  this  is  apt  to  produce  friction  between  the  rolls  and 
the  retaining  cage.  It  is  contended  by  adherents  of  the  flexible 
roll  construction  shown  at  Fig.  280,  E,  that  this  type  adapts 
itself  more  readily  to  irregularities  in  shaft  contour,  and  thus 
turns  with  less  friction  than  do  the  solid  rolls.  The  flexible- 
roller  bearings  are  made  in  two  types,  one  employing  long  steel 
rolls,  while  the  high  duty  type  uses  shorter  rolls  of  high  tensile 
strength  alloy  steel  and  accurately  ground  inner  and  outer  race 
members.  In  the  regular  or  long  roll  pattern  the  shaft  itself  is 
intended  to  form  one  bearing  surface,  and  as  this  is  generally 
soft,  the  rolls  must  be  long  in  order  to  distribute  the  load  over 
more  surface.  Flexible  roller  bearings  are  wound  from  strip 
stock,  so  that  right  and  left  spirals  exist  in  alternate  rollers,  and 
the  oil  will  be  constantly  circulated  from  one  side  of  the  bearing 
to  the  other. 

In  either  ball  or  roller  bearings  the  effect  of  the  load  is  to 
flatten  the  supporting  members  a  very  small  amount,  so  that  in 
a  roller  bearing  the  contact  between  the  roller  and  race-way 
may  be  represented  by  a  rectangle  having  a  length  equal  to  the 
roll,  but  with  a  width  so  small  that  it  is  usually  considered  a 
line  contact.  In  a  ball  bearing  the  flattening  of  the  ball  pro- 
duces an  ellipse  of  such  small  area  that  it  is  usually  considered 
a  point  of  contact.  As  the  reduction  of  friction  depends  upon 
the  amount  of  surface  in  contact,  it  can  readily  be  understood 
that  the  form  having  the  least  amount  of  surface  would  have 
least  friction.  Ball  bearings  are  generally  employed  where  it  is 
desirable  to  reduce  friction  to  a  minimum  or  where  bearings 
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must  attain  high  speed.  Roller  bearings  have  been  widely  ap- 
plied where  bearings  of  relatively  small  diameter  but  of  large 
carrying  capacity  must  be  used,  where  the  shafts  revolve  at  a 
comparatively  low  speed,  and  where  maximum  bearing  efficiency 
is  not  important.  The  motor  truck  wheel  shown  at  Fig.  283  is 
mounted  on  ball  bearings  of  the  double  row  form.  Many  other 
examples  showing  the  practical  application  of  all  types  of  anti- 
friction bearings  will  be  found  at  various  points  in  this  work. 

Great  care  is  needed  to  keep  anti-friction  bearings  free  from 
water  or  grit,  and  also  to  keep  them  adequately  lubricated.  The 
lubricant  must  be  a  pure  mineral  substance,  and  should  not  con- 
tain acid  or  animal  fillers,  because  the  highly  polished  surfaces 
of  the  anti-friction  members  and  races  will  be  roughened  by  etch- 
ing or  rusting  due  to  chemical  action,  and  this  will  interfere  with 
smooth  operation  and  tend  to  produce  rapid  depreciation.  A 
heavy  bodied  lubricant  of  the  semi-fluid  type  is  best  adapted  for 
use  in  bearings  subjected  to  heavy  loads  and  revolving  at  low 
speed. 

If  an  anti-friction  bearing  is  housed  in  an  oil-retaining,  dust- 
excluding  housing,  it  is  good  practice  to  use  a  medium  grade 
machine  oil  and  operate  the  bearings  in  a  constant  bath  of  lubri- 
cant. Ball  or  roller  bearings  should  never  be  driven  in  place  or 
removed  with  a  steel  drift  or  hammer,  because  the  races  are 
hard  steel  and  are  apt  to  be  cracked  unless  they  are  forced  in 
place  either  with  a  steady  pressure,  as  by  an  arbor  press,  or  by 
Mows  applied  through  the  medium  of  a  block  of  hard  wood  or 
piece  of  Babbitt  metal  interposed  between  the  hammer  and  the 
bearing.  The  blow  should  always  be  directed  or  the  pressure 
exerted  against  the  race  member  that  is  being  forced  in  place. 
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MOTOR  TRUCK  LOADING  AND  OPERATION 

Constant  Inspection  Important — Care  Required  in  Loading — Table  ot 
Weights  of  Materials — Woods — Liquids — Grains  and  Produce — Mis- 
cellaneous Materials — Systematic  Inspection  Procedure — Inspection 
in  Railway  Practice  —  Instructions  for  Driver — Instructions  for 
Washer — Instructions  for  Inspector — Inspection  Schedule,  Daily- 
Inspection  Schedule,  Weekly — Truck  Lubrication  Important — Motor 
—Fan,  Magneto  and  Governor— Front  Axle — Clutch  and  Transmis- 
sion—Rear Axle — Springs  and  Chassis  Parts — Specifications  of  Lu- 
bricants—Oiling Schedule  for  Commercial.  One  Ton  Truck — Main- 
tenance Routine,  Daily — Maintenance  Routine,  Weekly — Mainte 
nance  Routine,  Monthly — Typical  Truck  Chassis — Truck  Oiling 
Schedules — Motor  Truck  Control  Systems — Typical  Control  Sys- 
tems, Winter — Nash  Quad — Four  Wheel  Drive — Pierce- Arrow — Rco 
Speed  Wagon — White  Truck — Ford  Model  T  Truck — To  Start  the 
Mack  Truck  Engine — Detailed  Instructions  for  Mack  Truck  Opera 
tion — General  Instructions  for  Packard  Trucks — To  Start  the  Motor 
— To  Operate  the  Truck — To  Stop  the  Motor — How  to  Operate  th« 
Autocar — Care  and  Operation  of  Bethlehem  Trucks — Summary  or 
Important  Suggestions  to  Driver — Don'ts — Timely  Hints  .for  Good 
Service— Anti-Skid  and  Traction  Devices— Extension  Rims  for  Sand 

The  success  or  failure  of  motor  trucks  in  any  business  de- 
pends largely  on  the  management  of  that  business,  which  shoulc 
make  sure  that  the  equipment  is  adequate  for  the  purpose,  that 
the  type  used  is  best  adapted  to  the  requirements  of  the  indi- 
vidual enterprise,  and  that  the  loading  and  maintenance  is  in- 
telligently supervised  to  make  sure  that  the  trucks  will  not  l>e 
abused  or  depreciate  rapidly  because  of  lack  of  care.  The  capable 
transportation  executive  will  consider  the  quantities  and  nature 
of  the  product  coming  to  the  transportation  department  and  the 
best  methods  of  handling  and  loading  it  at  the  source  as  well 
as  its  distribution  to  the  destination.  Working  schedules  should 
be  devised  that  will  keep  the  motor  vehicles  operating  at  a  mod- 
erate speed  and  loaded  most  of  the  time  they  are  in  service.  A 
motor  vehicle  should  not  be  kept  in  operation  more  than  ten 

448 

Digitized  by  Google 


Care  Required  In  Loading  449 


hours  out  of  twelye,  because  for  at  least  two  hours  out  of  every 
twelve  the  vehicle  should  be  cleaned,  oiled  and  inspected. 

Constant  Inspection  Important.  —  Each  vehicle  should  be 
washed  and  the  mechanism  cleaned  once  every  twenty-four 
hours.  The  truck  user  who  is  apt  to  think  this  an  unnecessary 
procedure  should  remember  that  60  per  cent  of  the  maintenance 
labor  on  locomotives  goes  for  cleaning  and  that  the  average  lo- 
comotive is  thoroughly  gone  over  by  a  trained  corps  of  specialists 
every  hundred  or  one  hundred  and  fifty  miles  of  travel.  It  is 
important  to  keep  the  vehicle  clean,  because  if  it  is  not  kept 
clean  it  will  be  hard  to  locate  loose  or  defective  parts.  Ample 
provision  should  be  made  for  regular  and  systematic  inspection 
of  the  trucks.  If  a  fleet  of  trucks  is  operated,  one  or  more  spare 
trucks  should  always  be  available  to  take  the  place  of  any  one 
that  has  broken  down  in  service. 

Care  Required  in  Loading. — Special  care  should  be  taken  in 
loading  a  truck  so  that  its  normal  rated  capacity  is  not  exceeded 
unduly.  The  drivers  should  be  cautioned  to  exercise  good  judg- 
ment in  the  matter  of  speed,  as  high  speeds  should  only  be  used 
when  the  truck  is  operated  on  smooth  roads  and  with  light  loads. 
While  most  trucks  are  built  strong  enough  so  that  they  may  be 
greatly  overloaded  without  breaking  down  at  once,  anyone  who 
carries  a  40  or  50  per  cent  overload  continually  will  find  that 
this  is  an  expensive  procedure  from  a  viewpoint  of  cost  of  re- 
pairs. Tires,  springs,  wheel  bearings,  and  the  chassis  members, 
such  as  frames  and  axles,  are  all  stressed  unduly  if  the  truck  is 
overloaded. 

The  distribution  of  the  load  should  be  kept  so  that  70  per  cent 
to  80  per  cent  will  be  carried  on  the  rear  tires  of  most  forms  of 
trucks.  In  most  designs  the  center  of  gravity  of  the  load  should 
be  just  a  little  ahead  of  the  rear  axle.  If  any  of  the  load  is  re- 
moved from  the  rear  of  the  truck  the  remainder  should  be  dis- 
tributed evenly  and  not  kept  bunched  or  concentrated  at  the 
front  end  of  the  body.  The  weight  per  cubic  foot  of  different 
materials  varies  greatly,  as  shown  in  the  table  on  p.  450.  It  will 
be  evident  that  it  may  be  possible  to  entirely  fill  the  body  with 
>ome  material  and  still  be  under  the  rated  capacity  of  the  truck. 
I  Hher  substances,  such  as  brick  or  metal  ingots,  may  take  up 
but  a  small  portion  of  the  cubical  contents  of  the  truck  body  and 
yet  the  load  be  greatly  in  excess  of  the  normal  rated  capacity. 
This  fact  should  be  considered  in  loading  all  trucks.    To  figure 
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the  cubic  capacity  of  any  truck  body,  multiply  the  length  in  feet 
by  the  width  in  feet  and  the  product  of  these  two  by  the  depth 
expressed  in  the  same  terms  of  measurement.  The  evil  effect  of 
overloading  and  poor  load  distribution  is  graphically  shown  at 
Fig.  284. 


^.'Load  all  on  one  side 


Fig.  284.— Diagram  Outlining  Evils  of  Overloading  and  Unequal  Load 
Distribution  on  Motor  Truck  Frame  Parts. 


TABLE  OF  WEIGHTS  OF  MATERIALS  AND  MAXIMUM 
CAPACITY  OF  MODEL  "B"  F.  W.  D.  3-TON  TRUCK 


Lbs.  Per 

Max.  Cap. 

MATERIALS  (WOODS) 

Cu.  Ft. 

Bd.  Ft 

Ash   

  46.8 

1530 

  28.2 

2550 

  46.8 

1530 

Birch   

  43.1 

1670 

  35.6 

2020 

1640 

  37.4 

1920 

  37.4 

1920 

Elm   

1720 
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Lbs.  Per  Max.  Cap. 

MATERIALS  (WOODS)  Co.  Ft.  Bd.  Ft. 

Fir    34.3  2090 

Gum    35.6  2020 

Haze!   37.4  1920 

Hemlock    24.8  2900 

Hickory    49.9  1440 

Holly    47.5  1510 

Linden   37.4  1920 

Locust    45.7  1  570 

Mahogany    56.2  1280 

Maple    43.8  1640 

Mulberry    46.8  1530 

Oak,  Live    72.1  1000 

Oak,  Red    46.8  1530 

Oak,  White    49.9  1440 

Pine,  White    31.3  2300 

Pine,  Yellow    40.6  1770 

Poplar    31.3  2300 

Redwood,  California    45.7  1570 

Rosewood    66.3  1080 

Spruce    28.2  2550 

Sycamore    34.3  2090 

Teak    53.1  1350 

Walnut,  American  Black   :   40.6  1770 

Walnut,  Circassian    34.3  2090 

Walnut,  Persian    36.8  1950 

Lbs.  Per  Max.  Cap. 

LIQUIDS  Cu.  Ft.  Gallons 

Acetic  Acid    66.3  676 

Alcohol,  Commercial    51.8  866 

Ammonia   55.7  805 

Benzine    43.1  1041 

Carbolic  Acid    59.9  748 

Cotton  Seed  Oil    58.0  773 

Gasoline    56.2  800 

Kerosene    49.9  900 

Lard  Oil    56.8  790 

Linseed  Oil    58.7  765 

Milk    61.4  730 

Mineral  Oil    53.7  770 

Muriatic  Acid    74.9  600 

Naphtha    47.4  945 

Nitric  Acid    77.5  580 

Petroleum  Oil    512  875 

Sulphuric  Acid    114.9  400 

Tar    63.35  720 

Turpentine  Oil    54.2  825 

Water,  Distilled    62.35  720 

Water.  Sea    64.4  700 
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Lbs.  Per  Max.  Load 

GRAINS  AND  PRODUCE  Cu.  Ft  Cu.  Yds. 

Barley    38.4  5.8 

Beans    48.0  4.6 

Buckwheat    40.0  5.6 

Clover  Seed    48.0  4.6 

Corn  Meal    40.0  5.5 

Corn,  Shelled    44.8  5.0 

Oats    25.6  8.6 

Onions    45.6  4.9 

Potatoes    48.0  4.6 

Rye    44.8  5.0 

Timothy  Seed    36.0  6.1 

Turnips    44.0  5.0 

Wheat    48.0  4.6 

Lbs.  Per  Max.  Cap. 

MATERIALS  (MISC.)  Cu.  Fl  Cu.  Yd. 

Asbestos    174.5  1.12 

Asphalt  urn    87.3  2.54 

Borax    109.1  2.03 

Brick,  Common    112.4  1.97 

Brick,  Fire    143.7  1.54 

Brick,  Hard    124.7  1.78 

Brick,  Pressed   .*   134.1  1.65 

Brick,  Soft    99.8  2.22 

Brickwork,  in  Cement    112.4  1.97 

Brickwork,  in  Mortar    99.8  2.22 

Cement,  Portland,  Loose    69.8  3.18 

Charcoal    25.0  8.33 

Coal.  Anthracite    93.8  2.26 

Coal,  Bituminous    79.1  2.80 

Coke    28.0  7.92 

Earth,  Loose    774.9  2.96 

Earth,  Rammed    99.8  222 

Granite    165.5  1.34 

Gravel    109.1  2.02 

Gypsum    137.0  1.62 

Ice   56.2  3.96 

Lime    53.1  4.18 

Limestone    1622  1.37 

Marble    169.3  1.31 

Masonry   :   149.8  1.48 

Mica    174.5  127 

Mortar    93.7  2.37 

Phosphorus    112.4  1.97 

Plaster  Paris    112.4  1.97 

Quartz    1622  1.37 

Salt.  Common    131.3  1.69 
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MATERIALS  (MISC.) 

Lbs.  Per 
Cu.  Ft. 

Max.  Cap. 
Cu.  Yd. 

 1  T\_ 

nn  o 

C*  j       \i  f 

1  "70 

  143.7 

1.54 

1  "7 /l  C 

  124.7 

1.78 

go  e 

  124.7 

  109.8 

1.78 
2.02 

Tile   

  112.4 

2.11 

  169.8 

1.40 

Systematic  Inspection  Procedure. — In  the  instruction  book  for 
Mack  Motor  Trucks,  issued  by  the  International  Motor  Co.  of 
New  York  City,  valuable  suggestions  are  given  for  anyone  re- 
sponsible for  care  and  operation  of  Mack  trucks,  that  apply  just 
as  well  to  all  makes  because  they  are  based  on  sound  judgment 
and  good  common  sense.  The  instructions  are  issued  for  the 
driver,  the  washer  and  the  inspector,  and  advice  is  given  for  a 
systematic  inspection  schedule  that  is  admirable  for  its  thorough- 
ness. As  this  is  based  on  an  extended  experience,  one  cannot 
<1"  better  than  reproduce  them  in  full,  which  is  done  through  the 
courtesy  of  the  originators. 

With  slight  changes  to  allow  for  differences  in  construction, 
those  responsible  for  the  economical  operation  of  any  make  of 
tmck  could  follow  some  such  schedule  to  good  advantage  and 
organize  their  working  forces  so  a  definite  task  could  be  assigned 
each  individual  Where  trucks  are  operated  in  fleets  there  should 
be  ample  provision  made  for  an  adequate  working  force,  part  of 
which  is  concerned  only  with  driving,  the  remainder  responsible 
for  maintenance  and  inspection.  When  only  a  few  trucks  are 
1  iterated,  one  man  may  have  to  combine  several  duties,  but  it  is 
]«M>r  economy  to  save  wages  and  pay  more  for  repairs  and  de- 
preciation as  a  consequence. 

Inspection  in  Railway  Practice.— The  average  driver  or  truck 
owner  does  not  appreciate  the  need  for  systematic  inspection  and 
"ding  of  automobiles  to  secure  best  results.    In  railroad  practice 

i  express  locomotive  is  inspected  at  the  end  of  every  80  to  100 
miles  run;  the  freight  engine  is  gone  over  every  150  or  200  miles. 
Ihe  work  is  so  systematically  clone  that  as  many  as  five  or  six 
nspectors  may  be  working  on  the  locomotive  at  once,  as  each 
i>  responsible  for  certain  groups  of  parts.    As  a  result  of  this 
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careful  inspection,  passenger  locomotives  run  about  125,000  miles 
without  an  overhauling  and  freight  engines  100,000  miles.  When 
a  motor  truck  or  automobile  chassis  receives  periodical  inspec- 
tion, cleaning  and  lubrication,  its  life  is  greatly  increased  and 
liability  of  breakdown  on  the  road  is  reduced  to  a  minimum. 
When  one  considers  that  the  usual  truck  or  car  is  not  driven  by 
an  expert,  or  over  smooth  steel  rails  as  the  locomotives  are,  the 
importance  of  giving  the  mechanism  proper  attention  to  insure 
uninterrupted  motor  transportation  should  be  apparent  to  the 
least  technically-minded. 

INSTRUCTIONS  FOR  THE  DRIVER 

A.  Before  you  take  the  truck  out  of  garage,  do  the  following 
work  and  make  a  record  on  your  daily  report: 

1.  Fill  gasoline  tank.  Fill  radiator.  Fill  oil  tank  (see  lubri- 
cating instructions). 

2.  Turn  up  grease  cups  until  they  meet  decided  resistance  and 
grease  issues  from  sides  of  bearing.    If  empty,  refill. 

3.  Oil  brake  rod  clevises,  fan  bearing,  pedal  clevises,  speed 
levers,  radiator  supporting  pins,  and  all  parts  provided  with  oil 
holes. 

4.  Clean  and  fill  oil  lamps. 

5.  Make  sure  that  troubles  reported  have  been  corrected. 

B.  When  you  bring  truck  into  garage — 

1.  Wipe  engine  clean. 

2.  Make  out  daily  report  card.  Report  any  parts  that  have 
given  trouble  that  day. 

On  Saturday 

C.  1.  Follow  "Weekly"  Lubricating  Instructions. 

2.  Pour  one  fluid  ounce  of  kerosene  into  the  combustion  cham- 
bers of  each  cylinder  while  engine  is  warm  and  let  stand  over 
night. 

Every  Two  Months 

D.  Follow  "Two  Months"  Lubricating  Instructions. 

Wash  or  clean  a  motor  truck  every  time  it  comes  into  the 
garage. 
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INSTRUCTIONS  FOR  THE  WASHER 

In  dirty  weather  a  truck  should  be  washed  as  soon  as  it  comes 
in.  If  dirt  gets  hard  it's  a  big  job  to  get  it  off.  If  grease  does 
not  come  off  with  water  and  soap,  use  gasoline  and  a  scraper. 

Don't  stop  when  you  have  washed  the  body  and  the  parts  that 
can  be  seen  from  the  outside. 

Get  in  under  the  truck  with  a  light  and  clean  the  running  gear 
so  that  the  inspector  can  tell  if  the  nuts  and  cotter-pins  are  on 
the  ends  of  the  bolts. 

Do  not  clean  the  motor.    This  is  the  driver's  job. 

After  washing,  wipe  off  the  parts  that  will  rust. 

Clean  a  truck  thoroughly  every  time  it  comes  into  the  garage ; 
your  work  will  be  that  much  lighter  the  next  time  you  have  to 
clean  it. 

INSTRUCTIONS  FOR  THE  INSPECTOR 

To  be  of  value  the  inspection  of  motor  vehicles  must  be  sys- 
tematic and  thorough. 

Trucks  should  be  inspected  as  soon  as  they  have  been  cleaned. 

Take  driver's  daily  card  and  check  up  his  report.  Order  neces- 
sary repairs  and  proceed  at  once  with  inspection  of  balance  of 
chassis. 

For  your  own  protection  you  should  make  a  record  of  the 
parts — 

1.  That  you  have  found  dry.  and  have  oiled. 

2.  That  you  have  found  loose,  and  have  tightened. 

3.  That  you  have  found  worn,  and  have  repaired  or  replaced. 

4.  That  you  have  found  broken,  and  have  repaired  or  replaced. 

A  gasoline  motor  truck  is  a  power  plant  on  wheels.  Like  any 
other  power  plant,  stationary  engine,  marine  engine,  or  locomo- 
tive, its  operation  is  dependent  upon  auxiliaries  (or  auxiliary 
systems)  which  must  be  cleaned,  inspected  and  adjusted  at  fixed 
intervals  in  order  to  obtain  satisfactory  results. 

These  auxiliaries  are: 

No.  1 — Fuel  system. 
No.  2 — Exhaust  system. 

No.  3 — Cooling  (or  water  circulating)  system 
No.  4 — Ignition  system. 
No.  5 — Lubrication  system. 
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The  piping  and  wiring  used  in  these  systems  perform  the  same 
functions  as  the  piping  and  wiring  in  a  house  or  a  factory,  and 
in  addition  are  subjected  to  deterioration  from  excessive  vibra- 
tion, dirt  and  exposure. 

If  you  do  not  keep  the  parts  of  a  motor  truck  clean,  it  is  im- 
possible to  tell  whether  or  not  the  connections  are  tight.  If 
you  do  not  keep  the  connections  tight,  leaks  will  develop  and 
ultimately  some  of  the  parts  will  fall  into  the  road. 

Do  not  attempt  to  improve  the  adjustment  of  any  of  the  parts 
i so  long  as  the  connections  are  tight  and  they  perform  their  work 
properly.  Do  not  attempt  to  run  an  engine  with  the  governor 
disconnected. 

INSPECTION  SCHEDULES 
Monday 

1.  Tires. 

2.  Brakes  and  connections. 
\  Spring  clips. 

4.  Steering  connections. 

5.  Chains. 

'•.  Gasoline  System- 
fa)  Gasoline  Tank. 

(b)  Gasoline  Filter  and  Drain  Cock — CLEAN. 

(c)  Gasoline  Pressure  Gauge. 

(d)  Gasoline  Regulator. 

(e)  Gasoline  Priming  Rod. 

(f)  Gas  Inlet  Manifold. 

(g)  Carburetor  (examine  gasoline  record  of  truck  since 

last  setting,  and  adjust  if  necessary). 

(h)  Hot  Air  Intake  Pipe. 

Tuesday 

1.  Tires. 

2.  Brakes  and  connections. 

3.  Spring  clips. 

4  Steering  connections. 
5.  Chains. 

o.  Exhaust  System : 

(a)  Exhaust  manifold. 

(b)  Exhaust  pipe. 

(c  >  Muffler  and  conm  r 
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7 .  Cooling  System  : 

(a)  Radiator. 

(b)  Water  Manifold. 

(c)  Water  pump. 

(d)  Water  pump  coupling  and  block. 

(e)  Water  Hose  Connection. 

(f)  FAN  AND  FAN  BELT  (if  fan  is  repaired,  see  that 

it  is  properly  balanced  up  again). 

» 

Wednesday 

1.  Tires. 

2.  Brakes  and  connections. 

3.  Spring  clips. 

4.  Steering  connections. 

5.  Chains. 

6.  Ignition  System: 

(a)  Magneto  fastenings  (see  Magneto  Instructions). 

(b)  Magneto  coupling  and  block. 

(c)  Timer. 

(d)  Wire  and  housing  clean  and  free  from  oil. 

(e)  Coil. 

( f )  Switches. 

(g)  Batteries. 

(h)  Insulators. 

(i)  Spark  Plug  connection. 

Thursday 

1.  Tires 

2.  Brakes  and  connections. 

3.  Spring  clips. 

4.  Steering  connections. 

5.  Chains. 

6.  Oiling  System: 

(a)  Lid  and  screen  of  oil  distributor  tank  on  front  cyl- 

inder. 

(b)  Gauge  on  dash. 

(c)  Oil  pipes  and  connections. 

(d)  Crankcase  for  leaks. 

(e)  Oil  pump  drive. 
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7.  CLUTCH: 

(a)  Adjustment  of  clutch  and  clutch  brake. 

(b)  Play  in  universal  joints. 

(c)  Lubricant  in  joints. 

Friday 

1.  Tires. 

2.  Brakes  and  connections. 

3.  Spring  clips. 

4  Steering  connections. 

5.  Chains  and  sprockets. 

6.  Steering  gear  and  attaching  bolts. 

7.  Pedals  and  shafts  to  clutch  and  brake. 

8.  Control  levers  and  shafts  to  transmission  and  brake. 

9.  Rivets  and  bolts  in  frame. 

10.  Bolts  and  screws  attaching  tool  box,  lamps,  license  brackets 

and  tags,  horn,  mirror,  glass  front,  and  other  accessories. 

11.  Bolts  and  screws  in  body  and  cab,  dash,  hood  and  radiator 

supports. 

First  Saturday  in  Every  Month 

1.  See  that  vehicle  is  thoroughly  cleaned  up.   Driver  is  respon- 

sible for  motor;  washer  for  balance  of  vehicle. 

2.  Clean  and  lubricate  magneto. 

3.  Examine,  make  and  break  and  adjust  if  necessary.  (See 

Magneto  Instructions  in  chapter  on  Ignition.) 

4.  Examine  and  adjust  spark  plugs  for  1/50  inch  gap.  Test 

the  spark  in  each  cylinder  by  disconnecting  the  spark 
plug  cables  of  the  three  other  cylinders. 

5.  Examine  adjustment  of  valve  tappets. 
'    Test  compression  of  each  cylinder. 

7.  Remove  chains,  wash  in  kerosene.    When  clean,  soak  for  a 

few  minutes  in  hot  tallow.    Drain  excess  tallow. 

8.  Replace  and  adjust  chain.    The  adjustment  is  correct  when 

chain  can  be  lifted  1  ]/2  to  2  inches. 
(On  shaft-driven  models  omit  7  and  8.) 

Second  Saturday  in  Each  Month 

1.  See  that  vehicle  is  thoroughly  cleaned  up.    Driver  is  respon- 

sible for  motor ;  washer  fur  balance  of  vehicle. 

2.  (  lean  and  lubricate  magneto. 
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3.  Examine  make  and  break  and  adjust,  if  necessary.  (See 

Magneto  Instructions.) 

4.  Examine  and  adjust  spark  plugs  for  1/50-inch  gap.  Test 

the  spark  in  each  cylinder  by  disconnecting  the  spark  plug 
cables  of  the  three  other  cylinders. 

5.  Examine  adjustment  of  valve  tappets. 

6.  Test  compression  of  each  cylinder. 

7.  Clean  oil  strainer  in  crankcase. 

8.  Grind  valves,  if  necessary. 

Third  Saturday  in  Each  Month 

1.  See  that  vehicle  is  thoroughly  cleaned  up.    Driver  is  respon- 

sible for  motor ;  washer  for  balance  of  vehicle. 

2.  Clean  and  lubricate  magneto. 

3.  Examine  make  and  break  and  adjust,  if  necessary. 

4.  Examine  and  adjust  spark  plugs  for  1/50-inch  gap.  Test 

the  spark  in  each  cylinder  by  disconnecting  the  spark- 
plug cables  of  the  three  other  cylinders. 

5.  Examine  adjustment  of  valve  tappets. 

6.  Test  compression  of  each  cylinder. 

7.  Remove  chains,  wash  in  kerosene.   When  clean.  sc~* 

few  minutes  in  hot  tallow.    Drain  excess  tallow 

8.  Remove  rear  wheels. 

9.  Examine  wheel  bearings. 

10.  Examine  rear  axle  brakes. 

11.  Examine  radius  rod  mounting  and  bearings. 

12.  Grease  and  replace  wheels. 

13.  Replace  and  adjust  chain,  adjustment  correct  when  chain 

can  be  lifted  \l/2  to  2  inches. 
(On  shaft-driven  models  omit  7  and  13.) 

Fourth  Saturday  in  Each  Month 

1.  See  that  vehicle  is  thoroughly  cleaned  up.    Driver  is  respon- 

sible for  motor;  washer  for  balance  of  vehicle. 

2.  Clean  and  lubricate  magneto. 

3.  Examine  make  and  break  and  adjust,  if  necessary. 

4.  Examine  and  adjust  spark  plugs  for  1/50-inch  gap.  Test 

the  spark  in  each  cylinder  by  disconnecting  the  Spark 
ping  cables  of  the  three  other  cylinders. 

5.  Examine  adjustment  of  valve  tappets. 
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6.  Test  compression  of  each  cylinder. 

7.  Examine  amount  of  oil  and  grease  in  transmission  case.  Fill, 

if  necessary.  ■ 
(Every  two  months  put  in  new.) 

8.  Examine  condition  of  steering  gear  and  check  up  alignment 

of  front  wheels. 

9.  Carefully  test  engine  for  knocks,  irregular  running,  condition 

of  bearings  and  adjustments. 

Fifth  Saturday  in  Months  Which  Contain  Five  Saturdays 

(Five  Times  Per  Year) 

1.  See  that  vehicle  is  thoroughly  cleaned  up.    Driver  is  respon- 

sible for  motor;  washer  for  balance  of  vehicle. 

2.  Clean  and  lubricate  magneto. 

3.  Examine  make  and  break  and  adjust,  if  necessary. 

4.  Examine  and  adjust  spark  plugs  for  1/50-inch  gap.  Test 

the  spark  in  each  cylinder  by  disconnecting  the  spark 
plug  cables  of  the  three  other  cylinders. 

5.  Examine  adjustment  of  valve  tappets. 

6.  Test  compression  of  each  cylinder. 

7.  Clean  carbon,  grind  valves,  time  valves,  take  up  bearings  or 

other  work  on  motor  that  may  be  necessary,  as  indicated 
by  inspection  on  fourth  Saturday.  The  inspector,  how- 
ever, must  use  his  judgment  and  not  leave  too  much  of 
this  work  for  fifth  Saturday. 

Truck  Lubrication  Important. — Without  question,  the  subject 
of  lubrication  is  of  much  more  importance  to  you  as  an  owner 
and  to  us  as  manufacturers  than  any  other  subject  upon  which 
we  have  touched,  say  the  makers  of  the  Winther  truck.  To  you, 
because  proper  lubrication  contributes  in  no  small  degree  to 
keeping  your  investment  at  its  maximum  earning  capacity;  to 
us.  because  our  success  depends  in  a  more  or  less  degree  on 
how  well  the  truck  performs  for  you ;  and,  notwithstanding  the 
fact  that  "Winther"  trucks  are  honor  built ;  that  the  best  of 
workmanship  and  highest  grade  materials  that  money  can  buy 
are  employed  in  their  manufacture,  they  cannot  give  you  the 
service  that  you  have  the  right  to  expect  if  this  feature  is 
neglected. 

The  best  of  material  will  not  lubricate  a  bearing,  and  the  finest 
workmanship  will  not  keep  your  truck  out  of  the  scrap  heap,  if 

X' 
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wearing  surfaces  are  not  lubricated  regularly.  Even  slight 
neglect,  not  in  itself  serious  enough  to  immediately  destroy, 
will  have  damaging  effect  upon  wearing  parts,  and  will  cause 
not  only  increased  depreciation,  but  lost  time,  increased  main 
tenance  and  operating  cost,  and  a  performance  not  at  all  in 
keeping  with  that  the  truck  was  designed  and  constructed  to 
give. 

Assuming,  then,  that  we  have  honestly  striven  to  fulfill  our 
part,  that  your  satisfaction  may  be  assured,  by  delivering  to  you 
in  good  condition  a  truck  that  is  up  to  standard,  may  we  not 
ask  you  to  do  your  part  by  following  carefully  the  lubricating 
instructions  given? 

The  instructions  which  follow  apply  to  the  Winther  truck, 
though  in  many  respects  they  can  be  followed  to  advantage  by 
drivers  and  owners  of  other  standard  trucks. 

Motor. — The  oil  reservoir,  when  empty,  will  take  two  gallons, 
one  pint  of  oil.  Oil  heavy  in  weight,  light  in  color,  is  recom- 
mended. Mobiloil  is  in  the  motor  when  truck  leaves  the  factory. 
The  oil  filler  will  be  found  located  at  forward  end  of  the  Winther 
motor  on  the  right  side.  Care  should  be  exercised  at  all  times 
to  see  that  the  oil  is  kept  between  high  and  low  marks  on  gauge 
located  at  rear  end  of  motor  on  right  side.  Watch  the  oil  cir- 
culation indicator  on  dash  carefully,  and  should  it  not  register 
when  motor  is  running  investigate  immediately,  ascertaining  it 
the  oil  line  is  stopped  up,  or  if  the  reservoir  is  empty. 

The  oil  reservoir  should  be  drained  every  five  hundred  miles 
through  the  plugs  located  at  rear  of  reservoir  in  the  bottom  of 
crankcase,  and  refilled  with  fresh  oil.  The  reason  for  this  i- 
obvious;  the  grade  of  gasoline  that  is  being  merchandised  at  the 
present  time  is  such  that  perfect  carburetion  is  impossible  until 
the  motor  warms  up,  resulting  in  considerable  gasoline  finding 
its  way  into  the  oil  reservoir,  which  gradually  thins  the  oil  until 
it  ceases  to  be  a  perfect  lubricant. 

The  oil  system  is  of  the  force  feed  type,  and  pressure  is  main- 
tained by  a  positive  gear-driven  pump  located  in  the  rear  end 
of  oil  reservoir  on  left  side.  There  is  an  oil  strainer  surrounding 
the  pump  which  should  be  cleaned  occasionally.  This  can  be 
easily  removed  for  cleaning  by  simply  taking  out  the  four  cap 
screws. 

Fan. — A  grease  cup  is  provided.  Fill  weekly  with  grease; 
turn  every  day. 
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Magneto. — Do  not  overoil.  One  or  two  drops  of  three-in-one 
oil  injected  into  the  oil  wells  every  thousand  miles  will  be  suffi- 
cient. One  of  these  wells  is  located  on  the  top  of  the  distributor 
housing,  oiling  the  armature  ball  bearing,  the  distributor  plain 
hearing  and  the  oil  wick  in  the  timing  lever  body.  The  other 
oil  well  will  be  found  on  the  extension  of  the  end  plate  near  the 
driving  axle,  and  lubricates  the  ball  bearing  on  that  end  of  the 
magneto. 

Governor. — Remove  the  oil  filler  screw  and  fill  chamber  week- 
ly, using  medium  heavy  cylinder  oil,  600-W  is  preferable  for 
summer,  and  in  winter  add  to  it  an  equal  amount  of  light  machine 
oil.  Every  500  miles  remove  drain  screw,  filling  half  full  of  very 
light  machine  oil,  run  for  an  hour  to  clean  interior  and  drain  out. 
Refill  the  chamber  with  a  good  grade  of  medium  heavy  cylinder 
oil.  Be  sure  the  governor  does  not  run  without  oil,  as  it  might 
injure  its  bearings.  Keep  screws  with  copper  washers  tight  to 
prevent  oil  leaking.  Connect  with  wire  to  prevent  losing  them. 
See  that  the  engine  drives  are  well  lubricated  by  regularly  filling 
the  oil  and  grease  cups. 

Front  Axle. — Grease  cups  are  provided  at  all  points  where 
friction  comes.  Make  positive  that  the  grease  cups  are  filled 
with  a  high  grade  light  grease  positively  free  from  acid  and  grit. 
Keep  your  supply  of  grease  in  a  tightly  covered  can,  so  that 
no  grit  or  dust  can  get  into  it. 

The  bearings  in  the  front  wheel  are  Timken,  and  may  be  lubri- 
cated with  any  light  grease  or  heavy  oil  if  it  is  positively  free 
from  acid.  Plugs  are  provided  in  the  wheel  for  lubricating  the 
hearings,  and  in  addition  the  wheels  should  be  removed  period- 
ically, the  bearings  thoroughly  cleaned  with  gasoline  and  relu- 
hricated  with  light  grease,  using  clean  paddle  for  spreading. 

Transmission. — The  transmission  should  be  filled  to  about 
\y2  inch  above  center  line  of  the  main  shaft  with  a  good  grade 
of  heavy  transmission  grease. 

Clutch. — No  lubrication  of  the  clutch  is  necessary,  except  that 
the  clutch  throwout  bearing  should  receive  regular  lubrication. 
This  is  provided  for  by  a  large  grease  cup  located  on  the  floor 
hoard,  which  should  be  given  one  turn  every  morning  or  noon. 

Steering. — Oil  cups  are  provided  and  they  should  be  kept 
filled  with  a  good  grade  of  light  oil.  At  each  end  of  the  drag 
link  is  a  socket  in  which  the  ball  of  the  steering  arm  operates, 
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as  well  as  the  arm  on  the  knuckle  arm.  These  should  be  thor- 
oughly greased  at  least  twice  a  month. 

Rear  Universal  Joints. — Grease  weekly  with  a  good  grade  of 
cup  grease,  using  grease  gun,  and  once  every  three  months 
joints  should  be  completely  taken  down,  thoroughly  cleaned  and 
repacked. 

Rear  Axle. — Axle  has  been  thoroughly  lubricated  when  deliv- 
ered from  plant.  This  should  be  sufficient  lubrication  for  the 
first  month,  except  two  grease  cups  on  the  axle  on  front  side 
just  inside  of  brake  drum.  These  should  be  kept  packed  with  a 
medium  thick  grease  and  given  a  turn  every  day. 

Oil  cups  on  brake  flanges  should  be  given  a  little  oil  once  a 
week.    These  lubricate  the  internal  brake  cams. 

All  external  brake  joints  should  be  given  a  few  drops  of  oil 
once  a  week. 

Large  internal  gear  inside  of  brake  drum  and  bolted  to  wheel 
should  be  lubricated  once  every  month  by  removing  wheel  and 
applying  a  new  coating  of  grease  to  the  teeth.  This  must  be  a 
very  heavy  grease  which  will  not  flow  under  any  conditions  of 
heat.  If  grease  cannot  be  obtained  thick  enough,  mix  graphite 
with  it  until  it  is  thick.  Put  on  no  more  grease  than  just  suffi- 
cient to  cover  the  faces  of  the  teeth  lightly.  If  more  is  put  on, 
it  will  interfere  with  the  action  of  the  brakes  and  will  leak  out, 
giving  the  wheels  an  untidy  appearance.  A  hand  hole  is  pro- 
vided on  the  larger  models  for  inspecting  and  lubricating  the 
internal  gear. 

Fill  differential  gearcase  one-third  full  of  heavy  oil  or  very 
light  grease.    Do  not  fill  over  one-third  full. 

Every  six  months  take  one  drain  cap  in  the  bottom  of  case 
and  thoroughly  rinse  out  old  grease  with  kerosene  by  pouring 
in  at  top  cap.  After  rinsing  out  with  kerosene,  then  fill  with 
lubricant,  as  above  instructed. 

Hub  bearings  can  be  given  sufficient  grease  by  simply  remov- 
ing hub  cap  and  filling  this  with  grease,  then  screwing  them 
back  on  in  position.  This  should  be  done  about  every  three 
months.  When  wheel  is  removed  for  lubricating  internal  gears, 
thoroughly  wash  out  hub  bearings  with  kerosene  and  gasoline, 
applying  new  lubricant.  Pipe  plugs  will  be  found  located  on 
outside  of  hub ;  medium  weight  grease  should  be  applied  weekly, 
utilizing  a  grease  gun  for  this  purpose. 
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Springs. — Every  six  months  the  springs  should  be  taken  apart 
and  lubricated  with  a  good  grade  of  grease  mixed  with  graphite. 
Spring  bolt  bearings  are  provided  with  oil  cups  and  should  be 
oiled  daily. 

Miscellaneous. — There  are  numerous  other  points  of  friction 
such  as  control  rods,  cross  rods,  rocker  shafts,  etc.,  not  men- 
tioned, where  a  drop  of  oil  occasionally  will  materially  benefit. 
The  one  operating  the  truck  should  familiarize  himself  with  these 
points  where  slight  friction  comes,  and  see  that  they  receive  the 
attention  they  require. 

Specification  of  Lubricants. — After  each  part  mentioned  in 
lubricating  instructions  which  follow  for  the  Commerce  one-ton 
truck,  and  indicated  on  the  lubricating  chart,  will  be  found  a 
reference  number  which  indicates  the  kind  of  oil  or  grease  best 
suited  to  the  lubricating  needs  of  each  part.  The  meaning  of  the 
various  figures  is  explained  below: 

Ref.  No.  Lubricant 

2-A.     Engine  oil,  medium,  E.  M.  Specification  No.  3502. 
2-B.     Engine  oil,  heavy,  E.  M.  Specification  No.  3502. 

4.  Heavy,  straight  mineral  gear  compound,  E.  M.  Speci- 

fication No.  3504. 

5.  Light  cup  grease,  E.  M.  Specification  No.  3505. 

6.  Medium  cup  grease,  E.  M.  Specification  No.  3506. 

8.  Heavy,  straight  mineral  oil,  E.  M.  Specification  No. 

3508. 

9.  Steam  cylinder  oil,  600-W,  E.  M.  Specification  No.  3509. 

The  specification  numbers  given  refer  to  U.  S.  Government 
specifications  in  vogue  during  the  war. 

Study  the  lubricating  chart  for  parts  that  require  attention. 
Perfect  and  continuous  lubrication  means  less  wear  of  parts,  less 
trouble  and  a  better  running  truck.  Lubricant  is  of  little  value 
mixed  with  dirt,  so  before  you  oil  or  grease  a  part  make  sure 
there  is  no  dirt  on  the  surfaces,  that  not  even  the  smallest  speck 
<jf  dirt  gets  to  a  moving  part. 

Use  clean  cloths  to  wipe  these  surfaces  after  they  have  been 
cleaned  by  means  of  gasoline  or  kerosene.  Make  periodic  lubri- 
cation a  habit.  Attend  to  certain  parts  daily,  as  indicated  on  the 
lubricating  charts,  Figs.  288  and  289,  to  others  weekly  and  others 
monthly.  These  are  maximum  periods.  D,  W  and  M  indicate 
the  respective  periods. 

Digitized  by  Google 


468 


The  Motor  Truck 


LUBRICATING  CHART 


Fig.  288.— Side  Elevation  of  Commerce  1-Ton  Capacity  Truck,  Showing 

Points  Requiring  Lubrication. 
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ENGINE 

2-B.  Summer,  Oil  Reservoir  capacity  5  quarts.    Oil  Level  to 
be  brought  to  "Full"  DAILY. 
2- A.  Winter,  DAILY. 

Five  quarts  of  lubricating  oil  are  carried  in  the  bottom  of  the 
crankcase.  The  amount  of  oil  is  indicated  by  the  position  of  the 
indicator  hand  on  an  oil  level  gauge  located  on  the  left-hand 
side  of  the  engine  oil  pan,  as  shown  at  Fig.  290,  A. 

Every  month  or  after  about  1,000  miles  running,  the  engine 
crankcase  should  be  cleaned  and  the  oil  supply  entirely  renewed. 
With  the  type  of  splash  lubrication  used  on  this  engine  do  not 
attempt  to  clean  it  with  kerosene  without  removing  the  oil  pan. 

For  this  monthly  cleaning  drain  the  oil  from  the  oil  pan 
through  the  plug  in  the  bottom.  Fill  the  crankcase  with  about 
a  quart  of  kerosene  and  run  the  engine  about  one  minute  at  half 
throttle.    Then  drain  the  kerosene  from  the  oil  pan. 

Remove  oil  pan  from  engine  and  thoroughly  clean  it  out,  re- 
moving all  traces  of  kerosene.  Replace  and  fill  crankcase  with 
five  quarts  of  fresh  lubricating  oil. 

Do  not  use  waste  or  linty  rags  for  cleaning,  as  they  are  liable 
to  clog  oil  pump  and  cause  the  destruction  of  the  engine. 

WATER  PUMP 

The  water  pump  grease  cup  shown  at  Fig.  290,  B,  should  be 
filled  weekly  and  should  be  screwed  down  one  turn  daily. 

FAN  BEARING 
No.  5  weekly 

Remove  plug  in  hub  of  fan  pulley  shown  at  Fig.  290,  C,  and 
inject  No.  5  grease  weekly. 

MAGNETO 
No.  2  light  weekly 

Two  drops  only  of  a  light,  clean  oil  injected  into  the  oil  wells 
depicted  at  Fig.  290,  D.  every  week  or  so  will  be  sufficient.  Two 
of  these  oil  wells  are  located  on  the  sides  of  the  distributor  hous- 
ing, oiling  the  armature  ball  bearing,  the  distributor  plain  bear- 
ing, and  the  circuit  breaker.    The  other  oil  well  is  located  on 
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Fig.  289.— Plan  View  of  Commerce  1-Ton  Truck,  Showing  Points  Need- 
ing Periodical  Lubrication. 
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the  extension  of  the  end  plate  above  the  impulse  starter,  and 
lubricates  the  ball  bearing  on  the  end  of  the  magneto. 

CONTROL  SET,  CLUTCH  AND  GEARSET 

No.  6  in  summer]        , . 
No.  5  in  winter  { 

The  grease  cups  should  be  filled  on  the  pedal  shaft  bearings. 

No.  2- A  weekly 

Also  all  foot  and  hand  brake  rod  clevises,  steering  gear  and 
loot  pedal  connections,  throttle  control  rods  and  connections 


In  wtkt»*  Uu  y> 
No  J  B  and  ,  No  « 


Fig.  290.— Points  on  Power  Plant  of  Commerce  1-Ton  Truck  Needing 

Oil. 

■ 

and  all  other  working  joints  not  provided  with  oil  or  grease  cups 
should  be  lubricated  with  an  oil  can,  using  cylinder  oil  No.  2 
light  or  2- A  medium.  The  lubrication  of  the  clutch  bearing  is 
shown  at  Fig.  290,  E ;  that  of  the  change  speed  gear  at  Fig. 
290,  F. 

STEERING  GEAR 

No.  6  in  summer) 

No.  5  in  winter   \  *CC  y 
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To  lubricate,  remove  a  plug  which  is  near  the  lower  end  of  the 
steering  column  housing,  as  shown  at  Fig.  291,  A,  and  inject 
lubricant  freely.  Also  inject  No.  2  light  oil  into  ball  spring  oiler 
at  top  of  steering  column. 

DRAG  LINK 
No.  6  weekly 

The  drag  link  connects  the  steering  gear  arm  and  the  steer- 
ing arm  on  the  front  axle.    The  connections  are  in  the  form  of 


Front 


Use  No  2  A  Oil 


Rear 


Front  Spring 
Front  Bolt 


Rear  Bolls 


Rear  Spring 
Front  Bolt 


Rear  Spring 


B 


Oil  Cup  for  Lower 
King  Bolt  Bushing 
Use  No.  2-A  Oil 


Oil  Cup  for  Drag 
Link  Yoke  Pin 
Use  No  2-A  Oil 


-SPRING  OILING-   U*c  No  5  Crease  in  Summer 

Use  Na  6  Grease  ip  Winter 

Oil  Cup  for  Upper 
-King  Bolt  Bushing 
Use  Na  2-A  Oil 

A 


FRONT  AXLE  OILING- 


-STEERING  GEAR  AND  DRAG  LINK 


Fig.  291. — Points  on  Chassis  of  Commerce  1-Ton  Truck  Needing  Periodi- 
cal Oiling. 

ball  and  socket  joints  which  should  he  packed  with  grease 
weekly.  The  lubrication  of  axle  end  and  steering  linkage  is 
clearly  shown  at  Fig.  291,  B.  The  spring  shackle  oilers  are 
shown  at  Fig.  291,  C. 
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BRAKE  CROSS  SHAFT  BRACKETS 
No.  2-A  daily 

The  brake  cross  shaft  brackets  are  located  on  either  side  of 
the  third  cross  member,  counting  from  the  front,  and  should  be 
lubricated  with  cylinder  oil,  No.  2-A,  through  oil  holes  provided. 


No  I  Oil 


NoJAOU 


BRAKK  CROSS  »HA»T  MUNG 
A 


UNIVERSAL  JOINT  OILING 


Fig.  292. — Points  in  Driving  System  of  Commerce  1-Ton  Truck  Needing 

Regular  Oiling. 

Clean  the  holes  out  before  applying  the  oil.  The  brake  cross 
shaft  bearings  are  clearly  shown  at  Fig.  292,  A. 

PROPELLER  SHAFT  UNIVERSAL  JOINTS 

No.  6  daily 

Since  both  the  propeller  shaft  universal  joints  are  of  the  same 
construction,  they  are  lubricated  in  the  same  manner.  To  lubri- 
cate them,  remove  the  plugs  at  the  top  of  each,  shown  at  Fig. 
292,  B.  Remove  the  old  grease  monthly  with  a  grease  gun,  clean 
with  kerosene  and  repack  with  fresh  No.  6  cup  grease. 

REAR  AXLE  DIFFERENTIAL 

%  of  No.  4  and  %  of  No.  5  in  summer )  . 
YA  of  No.  4  and  ft  of  No.  5  in  winter  {CVCry  tWO  WCekS 

Remove  the  plug  on  top  of  the  differential  housing  of  the  rear 
axle,  as  shown  at  Fig.  292,  C,  to  inspect,  and  insert  new  lubri- 
cant.   In  order  to  clean,  which  should  be  done  monthly,  remove 
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the  rear  plate  on  the  differential  housing.  Drain  all  old  lubri- 
cant through  plug  in  bottom  of  differential  housing  and  thor- 
oughly clean  with  kerosene  through  opening  on  rear  of  housing. 
Fill  to  level  with  new  lubricant  after  replacing  rear  differential 
housing  cover. 

REAR  AXLE,  INTERNAL  DRIVE  GEARS 

50%  of  No.  6) 
50%  of  No.  8{aa  y 

To  lubricate  the  internal  gear  pinion  and  gears  of  both  wheels 
through  grease  cups  provided  between  the  brake  carriers  and  the 
rear  springs,  and  shown  at  Fig.  292,  C. 

JACK  SHAFT  BEARINGS 

No.  6  in  summer) 
No.  5  in  winter   \  da,ly 

Fill  and  turn  down  each  grease  cup  half  way  daily.  These 
cups  are  at  the  flange  connection  between  the  brake  carrier  plate 
and  jackshaft  housing  tube. 

REAR  AXLE  BRAKE  SHAFTS 


No.  6  in  summer) 

No.  5  in  winter  fwcek,y 


Fill  grease  cups  located  on  rear  axle  brake  shafts,  as  shown  at 
Fig.  292,  C,  where  they  enter  the  brake  carrier  plate. 

No.  2-A  weekly 

Oil  cups  are  provided  to  oil  brake  shafts  between  brake  levers 
on  rear  axle.   Fill  with  cylinder  oil  weekly. 

REAR  WHEEL  SPINDLE  BEARINGS 

No.  6  in  summer) 

No.  5  in  winter  r*ee  y 

To  lubricate  the  rear  wheel  spindle  bearings  fill  the  hubs  after 
the  hub  caps  have  been  removed.  Replace  hub  caps  securely 
after  inserting  fresh  lubricant. 

Springs.— Once  every  six  months  jack  up  the  frame,  remove 
the  spring  clips  and  pry  the  spring  leaves  apart.    Lubricate  be- 
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tween  the  leaves  with  graphite.  Should  the  leaves  be  excessively 
rusted,  it  is  well  to  dismantle  the  spring,  remove  the  rust,  and 
paint  the  leaves  with  graphite  paint  or  white  lead.  The  points 
to  inspect  in  regard  to  spring  fastenings  are  shown  at  Fig.  293 ; 
the  shackle  oiling  is  clearly  outlined  at  Fig.  291,  C. 

Maintenance  Routine. — It  is  essential  for  the  proper  care  and 
maintenance  of  any  truck  that  the  following  maintenance  rou- 


Fig.  293. — Points  to  Inspect  in  Regard  to  Spring  Fastenings. 


tine  schedule  be  rigidly  adhered  to.  Preparedness  for  emergen- 
cies can  only  be  obtained  by  keeping  the  truck  in  excellent 
condition,  and  this  necessitates  proper  adjustment  at  regular 
intervals  of  time. 

Daily  Maintenance  Routine. — Engine :  Examine  all  wiring  ter- 
minals for  tightness.  Clean  magneto  externally.  Note  tension 
of  fan  belt.  Inspect  oil  supply  in  engine  crankcase.  Inspect  oil 
pump  for  performing  its  proper  function.  Inspect  radiator  water 
supply.  Inspect  loose  connections  for  leaks.  Inspect  gasoline 
tanks  for  proper  fuel  supply.  Inspect  fuel  pipe  line  and  all  con- 
nections for  leaks. 

Brakes:  Inspect  for  undue  wear  or  looseness  and  tighten  if 
necessary.    Inspect  for  proper  operation. 

General:  Inspect  and  thoroughly  clean  all  lamps.  Fill  and 
clean  acetylene  generator  or  fill  kerosene  lamps  if  electric  lijjht- 
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ing  is  not  used.  Inspect  tires  for  air  pressure,  cuts  or  damage 
if  of  the  pneumatic  type.   Tighten  all  loose  bolts  and  nuts. 

Weekly  Maintenance  Routine. — Engine :  Inspect  all  wires  for 
proper  support  and  freedom  from  damage.  Thoroughly  clean 
engine  externally.  Inspect  oil  pump  connections  for  oil  leaks. 
Inspect  all  water  connections  for  leaks.  Inspect  carburetor  con- 
trol connections.  Do  not  attempt  to  alter  carburetor  adjustment 
unless  this  is  shown  to  be  necessary  when  the  truck  is  in  service. 

Remove  magneto  distributor  cover  and  clean  with  gasoline 
and  clean  cloth.  Operate  engine  at  low  speed,  and,  with  one 
wire  at  a  time  separated  from  spark  plug,  inspect  the  spark 
given  for  length  and  apparent  hotness.  Keep  engine  free  from 
carbon ;  inject  tablespoonful  of  kerosene  into  each  cylinder, 
through  petcock  or  spark  plug  holes.  This  should  be  injected 
when  the  motor  is  hot  and  allowed  to  stand  over  night.  Re- 
move, clean  and  adjust  all  spark  plugs. 

Brakes:  Inspect  and  thoroughly  clean  and  oil  all  brake  con- 
nections. Adjust  if  necessary.  Springs:  Inspect  center  bolt  of 
spring  and  spring  clips  for  apparent  tightness. 

Wheels:  Inspect  front  wheels  for  alignment  with  rear  wheels. 
Inspect  tires  for  undue  damage  and  wear.  Jack  wheels  up  and 
inspect  bearing  adjustment.  Inspect  spindles  and  spindle  bolts. 
Inspect  tierod  adjustment. 

Clutch:  Inspect  entire  clutch  mechanism.  Transmission: 
Clean  and  inspect  all  control  connections. 

Universal  joints:  Inspect  universal  joint  for  undue  looseness 
and  wear.    Clean  and  refill  universal  joint  with  grease. 

Differential :  Inspect  differential  and  propeller  shaft  bearing 
adjustment.  Body  and  Equipment :  Inspect  body  bolts,  hood 
fasteners  and  all  similar  bolts  for  apparent  tightness.  Inspect 
tool  equipment  for  completeness. 

Monthly  Maintenance  Routine. — Engine :  Determine  if  carbon 
is  present  in  quantity  in  the  engine.  Examine  and  inspect  en- 
gine for  loose  parts,  leaks,  noises.  Clean  oil  pump  screen.  Grind 
valves  if  necessary. 

Ignition:  Clean  magneto  collector  ring,  polish  and  adjust 
breaker  points.    Inspect  magneto  cam  for  correct  advance. 

Clutch:  Inspect  clutch  hub  grease  tube.  Inspect  clutch  oper- 
ation.   Inspect  clutch  alignment. 

Transmission :  Clean  externally  and  inspect  for  leaks,  particu- 
larly the  drain  plug  and  the  rear  bearing. 
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Springs:  Thoroughly  inspect  and  clean  spring  shackle  con- 
nections.   Inspect  springs  to  ascertain  damage,  if  any. 

Differential:  Clean  and  inspect  differential  housing  for  oil 
leaks.   Inspect  brake  arms  and  equalizers  on  differential  housing. 

Wheels :  Remove  hub  caps  and  inspect  for  proper  lubrication. 
Inspect  condition  of  bearings.  Universal  Joint :  Inspect  univer- 
sal joint  ring  and  yokes.  Inspect  housing  bolts  inside  joint 
housing.  General:  Inspect  transmission  arm  bolts.  Inspect 
front  motor  support  bolts.  Inspect  oil  pan  and  transmission 
bolts.  Inspect  steering  gear  for  lost  motion  and  lubrication. 
Inspect  speedometer  drive. 

See  that  the  shackles  are  free  and  do  not  bind  with  the  nuts. 
Also  keep  them  well  lubricated,  for  dry  shackles  tend  to  permit 
the  upper  leaf — the  only  one  fastened  to  the  shackle — to  bulge 
out  of  shape.   This  will  break  the  leaf  almost  every  time. 

Spring  Clips:  These  clips  must  be  tight.  The  duty  of  the 
clips  is  to  keep  the  various  leaves  together;  if  loose,  they  can- 
not do  their  duty;  keep  them  tightened.  If  loose,  the  leaves  are 
permitted  to  spring  apart  and  they  are  bound  to  snap  off  at  the 
center  bolt.  Loose  clips  also  permit  the  leaves  to  shift  forward 
or  backward.  This  is  especially  true  with  the  front  spring.  The 
shock  is  transmitted  through  the  axle  connection  at  the  center 
bolt.  If  the  clips  are  loose,  the  lower  leaf  will  shift  forward 
with  the  axle,  while  the  upper  leaf  will  remain  steady  with  the 
load;  consequently,  the  center  bolt  snaps  off  or  gets  badly 
twisted  between  leaves. 

Center  Bolt :  The  importance  of  the  center  bolt  has  already 
been  mentioned.  This  bolt  must  be  kept  perfectly  tight  or  the 
leaves  will  shift  as  shown.  Should  this  get  broken  on  account 
of  any  of  the  conditions  previously  described,  remove  at  once 
and  replace  with  a  new  bolt. 

It  is  remarkable  how  many  springs  are  broken  because  of  lack 
of  lubrication.  The  shackles  must  be  kept  well  lubricated.  The 
leaves  should  never  be  permitted  to  become  dry. 

In  a  nutshell — lubricate  at  shackles  and  between  leaves;  keep 
shackles  free;  do  not  permit  shackles  to  bind  by  screwing  nuts 
too  tightly ;  see  that  the  spring  clips  are  tight ;  keep  center  bolts 
tight,  replace  if  broken ;  go  over  bumps  easily,  dodge  all  possi- 
ble; drive  slowly  over  rough  roads,  and  do  not  OVERLOAD. 

The  chassis  plan  of  one  of  the  smaller  White  truck  models  at 
Fig.  294  shows  the  points  on  that  well-known  chassis  that  de- 
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Fig.  294.— Plan  View  of  White  Truck  Chassis,  Showing  Points  Needing 

Periodical  Lubrication. 
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mand  periodical  attention.  The  detail  illustrations  at  Fig.  295 
show  the  various  power  plant  points  and  the  character  of  lubri- 
cant each  should  receive  and  how  often.  The  same  key  letters 
apply  for  lubricants  and  periods  of  application  as  previously  ex- 
plained in  connection  with  the  Commerce  one-ton  truck  outlined 
at  Figs.  288  and  289. 

The  details  at  Fig.  296  show  clearly  the  location  of  grease 
cups  on  running  gear  parts.   Attention  is  directed  to  the  grease- 


Fig.  295. — Points  on  White  Truck  Chassis  Requiring  Regular  and  Sys 

tematic  Lubrication. 


retaining  bags  used  around  rod  ends  that  are  usually  neglected. 
This  is  a  valuable  feature  and  a  refinement  of  detail  that  makes 
for  reduced  maintenance  expense,  because  not  only  are  the  parts 
continually  lubricated  but  they  are  kept  free  from  the  abrading 
effects  of  grit  and  dirt,  a  very  important  consideration. 

Motor  Truck  Control  Systems. — The  usual  motor  truck  con- 
trol system  consists  of  various  members,  among  which  is  a  steer- 
ing gear  by  which  the  vehicle  is  directed  on  its  course.  Spark 
and  throttle  control  levers  are  placed  convenient  to  the  operator 
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as  on  top  of  the  steering  column  above  the  hand  wheel,  and  are 
used  to  control  the  engine  speed  in  connection  with  an  acceler- 
ator that  can  be  operated  by  the  driver's  foot.  Normally,  the 
hand  throttle  is  intended  only  for  starting  purposes  and  for 
setting  the  minimum  speed  of  engine  rotation  desired.   All  nor- 


Fig.  296.— Points  on  White  Truck  Running  Gear  Needing  Regular 

Oiling. 


mal  speed  changes  of  the  power  plant  are  obtained  by  the  accel- 
erator pedal,  which  also  works  the  throttle  that  regulates  the 
gas  supply  that  flows  from  the  carburetor  to  the  engine.  An  in- 
terlock is  usually  provided  between  the  hand  throttle  lever  and 
the  accelerator  pedal  so  that  the  latter  is  moved  whenever  the 
former  is  actuated,  though  the  accelerator  may  be  depressed 
without  producing  a  corresponding  movement  of  the  hand 
throttle.  J 
Two  other  foot  pedals  are  provided  on  all  trucks  using  sliding 
gear  transmission.  One  of  these,  usually  at  the  driver's  right, 
and  intended  to  be  operated  by  the  right  foot,  is  employed  td 
actuate  the  clutch  and  connect  or  disconnect  the  engine  powej 
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Tom  the  transmission  system  at  will.  The  other  pedal,  which 
s  operated  by  the  left  foot  of  the  driver,  is  used  to  apply  the 
service  brake.  Two  hand  levers  are  fitted  on  practically  all 
xucks.  These  may  be  located  at  the  driver's  right  on  the  out- 
ride of  the  frame  if  the  truck  is  a  right-hand  drive,  at  the  driver's 
right  in  the  center  of  the  floor  boards  if  the  truck  is  a  left-hand 
drive,  or  in  forms  where  the  steering  wheel  is  placed  on  the  left 
side  of  the  chassis  the  gear  control  may  be  placed  on  the  outside 


^  Throttle 
.Spirit 


FmI  guage 


L  

Fig.  297. — Control  Members  of  I.  H.  C.  Motor  Truck. 

of  the  frame  and  at  the  driver's  left  hand.  This  latter  is  a  rather 
unusual  placing  that  is  found  on  very  few  trucks. 

The  steering  column  and  clutch  and  brake  pedals  may  be  at 
the  right-hand  side  of  the  chassis  or  at  the  left-hand  side,  de- 
pending upon  the  opinion  of  the  truck  builder.  Placing  the 
steering  wheel  on  the  left  side  is  the  most  consistent,  and  is  the 
kst  practice  when«one  considers  the  road  rules  in  vogue  in  this 
country,  while  right-hand  placing  is  logical  in  European  coun- 
tries, such  as  England,  where  the  road  rules  are  opposite  to 
those  that  prevail  here.  When  two  hand  levers  are  employed, 
one  is  used  for  gear  shifting,  the  other  for  applying  an  emergency 
brake. 
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The  control  system  of  the  International  Harvester  two-ton 
truck  at  Fig.  297  and  that  of  the  Commerce  one-ton  truck  shown 
at  Fig.  298  are  typical  of  standard  practice  in  which  the  steering 
wheel  is  placed  on  the  left  side  and  the  gear  shift  and  brake 
levers  at  the  right  of  the  driver  and  in  the  center  of  the  chassis. 
The  clutch  pedal  is  always  depressed  whenever  the  gearshift 
lever  is  moved,  as  at  Fig.  300,  A,  to  either  "engage"  or  "disen- 
gage" the  change  speed  gearing,  and  the  clutch  is  not  reengaged 
until  the  desired  gear  ratio  is  fully  meshed  and  it  is  desired  to 


Three  Speed  Shift  Four  Speed  Shift 


Fig.  299. — Change  Speed  Gear  Lever  Positions  for  Three  and  Four  Speed 

Gear  Shifts. 

have  the  truck  move  forward  or  back  under  the  engine  power 
or  when  the  change  speed  lever  is  in  neutral  position  and  none 
of  the  gears  of  the  gear  box  are  engaged.  Normally,  the  foot 
brake  has  sufficient  power  to  stop  the  truck,  but  in  cases  when 
an  exceptionally  quick  stop  is  desired  both  hand  and  foot  brakes 
are  applied,  as  at  Fig.  300,  B. 

The  position  of  the  change  speed  lever  to  obtain  various  speed 
changes  varies  according  to  the  type  of  transmission  and  the 
number  of  speeds  provided.  The  two  standard  shift  methods 
recommended  by  the  S.A.E.  are  shown  at  Fig.  299.  That  at  the* 
left  is  for  a  three-speed  shift,  and  is  advised  for  use  with  either 
the  cane  shift  or  the  H-slot  systems.    In  one  of  these  the  lever 
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is  suspended  on  a  ball  and  socket  joint,  as  shown  at  Fig.  301,  A, 
while  in  the  other  it  is  guided  by  slots  in  a  quadrant,  as  shown 
at  Fig.  301,  B.  The  neutral  position  of  the  change  speed  lever 
is  usually  at  a  central  point,  as  indicated.  In  the  three-speed 
shift,  moving  the  lever  to  the  left  and  pulling  back  engages  the 
low  speed  gears.  Moving  the  lever  to  the  left  and  pushing  it 
forward  engages  the  reverse  gear.  If  the  lever  is  moved  from 
the  neutral  position  to  the  right  and  then  forward  the  second 


Pig.  300.— Always  Depress  Clutch  Pedal  Before  Shifting  Gears.  A  Shows 
Gear  Shifting.   B  Outlines  Brake  Application. 


speed  is  engaged.  .  If  the  lever  is  moved  to  the  right,  then  pulled 
back,  the  high  speed  or  direct  drive  is  obtained. 

With  a  four-speed  gearshift  a  somewhat  different  arrangement 
is  needed  on  account  of  the  provision  of  an  extra  low  speed. 
The  reverse  position  depends  on  the  construction  of  the  gear 
box,  but  usually  it  is  in  one  of  the  two  positions  indicated  in  the 
diagram  at  the  right  of  Fig.  299.  The  design  of  a  ball-jointed 
cane  shift  lever  used  with  a  three-speed  gear  box  and  the  way 
the  emergency  brake  lever  is  supported  by  the  same  casting  is 
clearly  shown  at  Fig.  301,  A.  When  a  four-speed  gear  box  is 
used,  the  quadrant  shift  outlined  at  Fig.  301,  B,  is  generally 
favored,  because  it  is  easier  to  select  the  reverse  speed,  which 
is  provided  with  its  own  guiding  channel  in  the  quadrant,  than 
would  be  the  case  with  the  system  where  speed  changes  are 
made  without  guiding  slots.  As  a  safeguard,  the  gearshift  lever 
in  a  four-speed  shift  is  invariably  provided  with  a  latch  that 
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must  be  lifted  when  it  is  desired  to  go  into  the  reverse  slot.  This 
prevents  the  driver  shifting  into  reverse  without  meaning  to. 

Typical  Control  Systems. — The  control  system  of  the  Winther 
truck  is  clearly  outlined  at  Fig.  302.    In  this  the  steering  gear 


Fig.  301.— Cane  Shift  System  at  A  and  Quadrant  Shift  Method  at  B. 


is  placed  on  the  right  side  of  the  frame,  with  the  clutch  and 
brake  pedals  disposed  on  either  side  of  the  steering  column.  The 
spark  and  throttle  levers  work  on  a  quadrant  attached  to  the 
Peering  column  and  are  placed  below  the  wheel  rim.  The 
emergency  brake  and  change  speed  gear  levers  are  attached  to 
a  quadrant  at  the  center  of  the  frame  and  are  worked  by  the 
driver's  left  hand.  All  parts  of  this  control  system  are  clearly 
outlined  and  named  in  the  drawing,  so  that  further  description 
is  unnecessary. 

Nash  Quad  Control. — In  the  Nash-Quad  the  control  elements 
are  arranged  in  somewhat  the  same  manner,  except  that  the 
Peering  gear  is  carried  at  the  left  side  of  the  frame.  The  gear- 
shift is  adapted  for  center  control  and  both  hand  brake  and 
gearshift  levers  are  operated  by  the  driver's  right  hand.  The 

S 
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inset  in  Fig.  303  shows  the  quadrant  employed  and  the  position 
of  the  change  speed  shift  lever  to  obtain  the  various  ratios  pro- 
vided by  the  four-speed  gear  box. 

F.  W.  D.  Truck  Control. — In  the  control  system  outlined  at 
Fig.  304,  which  shows  that  used  on  the  three-ton  four-wheel 
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Fig.  302.— Control  System  of  Wintjicr  Truck. 

drive  truck,  the  application  of  side  control  levers  are  clearly 
outlined,  and  the  placing  of  the  steering  gear  at  the  right  side 
of  the  truck  is  also  shown.  The  driver  is  elevated  more  than  is 
conventional  practice  and  sits  over  the  engine.  The  various 
parts  of  the  control  system  are  clearly  depicted  in  the  illustra- 
tion, and  the  truck  is  controlled  in  the  conventional  manner. 
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Pierce-Arrow  Truck  Control. — The  control  group  of  the 
Pierce-Arrow  truck  is  shown  at  Fig.  305.  In  this  the  steering 
column  is  placed  at  the  right  side  of  the  truck  and  outboard 
gearshift  and  brake  levers  are  placed  on  the  right  side  of  the 
frame.   Spark  and  throttle  levers  work  on  a  quadrant  under  the 


K-Foof  Brake 


Fig.  303.— Control  System  of  Nash  Quad  Truck. 

steering  wheel  and  at  the  left  Fide  of  the  steering  column.  As 
all  parts  are  named  on  the  illustration,  the  reader  will  have  no 
difficulty  in  recognizing  their  functions. 

Reo  Speed  Wagon. — The  control  system  of  the  Reo  speed 
wagon,  which  is  shown  at  Fig.  306,  is  distinctive,  as  but  one 
hand  lever  is  used,  this  being  the  cane  shift  utilized  for  shifting 
gears.    In  this  system  the  emergency  brake  effect  is  obtained 
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Fig.  304.— Control  System  of  F.  W  D.  Truck 

by  a  foot  pedal  operated  by  the  right  foot,  which  may  be  locked 
in  any  desired  position  by  a  ratchet  and  latch  working  on  a 
toothed  segment.  The  service  brake  is  applied  by  the  same 
pedal  that  actuates  the  clutch.  A  certain  movement  releases 
the  clutch,  after  which,'  if  the  pedal  is  depressed  still  further, 
the  service  brake  is  applied.    It  will  be  evident  if  one  cannot 


Fig.  305. — Control  System  of  Pierce-Arrow  Truck. 
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apply  the  service  brake  without  first  releasing  the  clutch.  The 
emergency  brake,  however,  may  be  applied  independently  of 
the  clutch  pedal.   The  positions  of  the  gearshift  lever  to  obtain 


Fig.  306. — Control  System  Parts  of  the  Reo  Speed  Wagon. 

the  different  gear  ratios  are  clearly  outlined  in  the  illustration. 
As  an  electric  starting  system  is  provided  on  this  truck,  a  spe- 
cial foot-operated  plunger  is  used  to  throw  the  starting  switch 
in  action.    Its  location  is  just  forward  «>f  the  change  speed  lever. 
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The  spark  and  throttle  levers  are  attached  to  the  steering  col- 
umn, the  gas  control  being  at  the  right  side  and  the  spark  ad- 
vance lever  at  the  left. 

White  Truck  Systems. — Some  models  of  the  White  truck  have 
the  unconventional  gearshifting  systems  outlined  at  Fig.  307. 
The  steering  column  is  placed  at  the  left  side  of  the  chassis, 
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Fig.  307.— Control  System  of  White  Trucks. 


with  spark  and  throttle  levers  carried  at  the  top  of  the  steering 
post  above  the  wheel.  The  hand  brake  lever  is  placed  outboard 
on  the  left  side  of  the  frame,  while  the  gearshift  lever  is  located 
for  center  control  and  is  actuated  by  the  driver's  right  hand. 
The  various  positions  of  the  lever  to  secure  the  four  forward 
speeds  and  the  one  reverse  are  clearly  shown  in  the  diagram  at 
the  right  of  the  illustration.  As  the  shift  is  unusual,  instructions 
for  handling  the  lever  follow. 

Handling  White  Gearshift  Lever. — Grasp  the  handle  of  the 
change-gear  lever  lightly  and  move  it  sideways,  which  indicates 
neutral  position,  and  then  backward  and  forward  through  the 
different  speed  positions  until  you  have  become  thoroughly  fa- 
miliar with  its  movements  (engine  not  running).  If  you  grip 
the  lever  hard,  the  muscles  of  the  wrist  become  rigid  and  you 
lose  the  flexibility  necessary  for  proper  shifting  of  gears.  In 
practicing  gear  shifting  without  the  engine  running,  press  down- 
ward with  the  left  foot  on  the  clutch  pedal  before  attempting  to 
move  the  lever,  that  you  may  acquire  the  habit.    Never  force 
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he  lever  if  the  gears  do  not  engage  at  once,  but  with  the  lever 
n  neutral  engage  the  clutch  for  a  moment  if  the  engine  is  run- 
ling  and  then  disengage  it  by  depressing  the  clutch  pedal.  This 
pill  rotate  the  gears  slightly  and  permit  them  to  engage.  Re- 
peat if  they  do  not  engage  readily  on  the  first  or  second  trials. 

Gearshift  Lever  Positions. — The  gearshift  lever  is  moved  into 
the  following  positions,  which  are  plainly  shown  at  Fig.  307,  in 
order  to  make  the  necessary  gear  engagements  in  the  transmis- 
sion. The  illustration  of  the  quadrant  on  this  page  shows  where 
the  lever  ought  to  be  for  the  different  speeds. 

Neutral — Central  position,  and  the  only  place  where  the  lever 
may  be  rocked  from  side  to  side. 

Low  or  First  Speed — Depress  the  button  on  top  of  the  lever, 
move  the  lever  to  the  right,  and  push  forward  to  the  first  notch. 

Second  Speed — Keep  the  lever  to  the  right,  and  pull  straight 
back  as  far  as  possible. 

Direct  or  Third  Speed — Push  the  lever  forward  one  notch 
into  neutral,  move  the  lever  to  the  left  and  pull  back. 

High  or  Fourth  Speed — Keep  the  lever  to  the  left,  and  push 
straight  forward  as  far  as  possible. 

Reverse — From  neutral,  move  the  lever  to  the  right,  push 
forward  through  low,  and  continue  forward  as  far  as  possible. 

Ford  Model  T  Truck  Control  Distinctive. —  The  most  unusual 
of  all  truck  or  car  control  systems  is  that  used  on  the  Ford 
Model  T  truck,  which  is  the  same  as  that  used  in  the  touring 
car  as  shown  at  Fig.  308.  As  several  millions  of  these  cars  have 
been  sold  to  date,  and  the  present  output  of  the  factory  is  sev- 
eral thousand  cars  daily,  many  of  which  are  used  for  utility 
purposes,  it  is  evident  that  it  is  important  to  describe  the  control 
system  of  what  is  rightfully  called  the  "universal"  car. 

The  control  system  of  this  car  is  extremely  simple  and  yet  it 
is  different  from  that  of  any  other  automobile.  The  gearset, 
which  has  been  previously  described,  is  a  planetary  type  which 
(sMves  two  forward  speeds  and  a  reverse  motion.  The  conven- 
tional form  of  steering  wheel  is  used  to  control  the  direction  of 
<ar  travel,  and  spark  and  throttle  levers  are  mounted  on  the 
Peering  column  beneath  the  wheel  to  control  the  speed  of  the 
power  plant.  It  is  in  the  method  of  obtaining  the  various  speed 
ratios  that  the  control  system  is  distinctive.  As  will  be  seen  by 
referring  to  Fig.  308,  three  pedals  and  a  hand  lever  arc  provided 
un  the  left  side  of  the  car.    The  pedal  on  the  extreme  left  is 
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used  to  control  the  high-  and  low-speed  clutches  and  is  marked 
"C."  That  next  to  it,  which  is  marked  "R,"  is  used  to  constrict 
the  reverse  band  of  the  transmission  and  obtain  reverse  motion 
The  pedal  at  the  right,  which  is  provided  with  a  letter  <4B"  cast 
on  its  surface,  is  used  to  apply  the  foot  brake. 

The  hand  lever  engages  the  high-speed  or  direct-drive  clutch 
when  thrown  forward  and  when  pulled  back  it  actuates  the 
emergency  brake.  An  interlocking  connection  is  provided  so 
the  emergency  brake  cannot  be  applied  without  releasing  the 
direct-drive  clutch.  The  lever  may  be  set  in  a  neutral  position 
and  the  clutch  will  be  released  without  applying  the  brake  when 
it  is  approximately  vertical.  When  the  high  speed  is  in  and 
the  hand  lever  is  thrown  way  forward  the  high-speed  clutch  may 
be  released  by  a  light  pressure  on  pedal  "C"  and  a  further  move- 
ment of  this  pedal  will  apply  the  low  speed.  Thus  one  pedal 
gives  control  of  both  high  and  low  speeds  forward  and  the  clutch 
can  be  released  in  exactly  the  same  manner  as  that  of  a  sliding- 
gear  car  when  it  is  desired  to  slow  up,  such  as  for  turning  a 
corner,  descending  a  hill  or  passing  another  vehicle. 

Before  starting  the  car  the  hand  lever  must  be  in  a  vertical 
position,  this  releasing  the  clutch  and  applying  the  emergency 
brakes.  To  start  the  car,  after  the  engine  has  been  started  in 
the  usual  manner,  the  foot  is  placed  on  the  clutch  pedal  to  keep 
it  in  a  neutral  position,  while  the  hand  lever  is  thrown  as  far 
forward  as  it  will  go.  The  engine  is  then  accelerated  and  the 
clutch  pedal  is  pushed  forward  until  the  slow-speed  band  tight- 
ens around  the  drum  of  the  trarsmission  and  the  car  gathers 
headway  on  the  lower  ratio.  After  it  has  attained  a  certain  mo- 
mentum, the  clutch  pedal  is  allowed  to  drop  back  gradually  into 
the  high-speed  position.  The  foot  may  then  be  removed  until 
such  times  that  the  clutch  must  be  disconnected.  Before  apply- 
ing the  foot  brake,  which  is  done  by  pressing  with  the  right  foot 
upon  the  pedal  marked  "B,M  the  clutch  pedal  should  be  put  in 
neutral  position  with  the  left  foot. 

To  reverse  the  car,  it  must  first  be  brought  to  a  standstill. 
The  engine  is  kept  running  and  the  clutch  is  disengaged  with 
the  hand  lever,  which  is  placed  in  the  neutral  position  but  not 
pulled  far  enough  back  to  apply  the  emergency  brake.  The  re- 
verse pedal  marked  "R"  is  then  pushed  forward  with  the  left 
foot,  leaving  the  right  one  free  to  use  on  the  brake  pedal  if 
needed.   To  stop  the  car,  the  throttle  is  closed  so  that  the  engine 
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will  not  race;  the  high  speed  is  released  by  pressing  the  clutch 
pedal  forward  into  its  neutral  position  and  applying  the  foot 
brake  slowly,  but  firmly,  until  the  forward  motion  of  the  car  is 
arrested.  It  is  imperative  that  the  foot  be  retained  on  the  clutch 
pedal  until  the  hand  lever  is  pulled  back  to  its  neutral  position. 
The  placing  of  the  spark  and  throttle  levers  is  clearly  shown  in 


Fig.  308.— Outlining  Distinctive  Control  System  of  the  Ford  Model  T 
Truck,  which  Employs  Two-Speed  and  Reverse  Planetary  Gearing. 
Location  of  Spark  and  Throttle  Levers  Clearly  Shown  in  Inset. 


the  inset  in  the  lower  right-hand  corner  of  the  cut,  both  levers 
l>eing  pulled  back  to  accelerate  the  motor  and  pushed  forward 
to  slow  it  down.  The  same  rules  given  for  the  manipulation  of 
the  spark  and  throttle  levers  apply  just  as  well  to  this  make  as 
to  other  trucks. 

A  point  necessary  to  consider  when  operating  a  planetary 
transmission  is  that  the  slow  and  reverse  speed  must  be  applied 
gradually  and  that  the  engine  be  speeded  up  pretty  well  before 
either  reverse  or  slow-speed  bands  are  tightened.  After  the  car 
has  attained  a  certain  degree  of  momentum  on  the  low  speed  the 
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pedal  should  be  eased  into  the  high-speed  position  gradually  in 
order  to  avoid  the  sudden  jump  which  always  obtains  when 
changing  from  the  low  to  the  high  speed  of  a  two-speed  car. 
This  jump  is  caused  by  a  sudden  acceleration  due  to  the  higher 
ratio  provided  by  the  direct-drive  position,  which  is  much  higher 
than  the  maximum  speed  permitted  by  the  slow-speed  gears. 

To  Start  the  Mack  Truck  Engine 

1.  Take  position  in  driver's  seat  behind  steering  wheel. 

2.  At  the  right  of  your  knee  are  two  levers.  The  left  hand 
is  the  speed  control  or  "Shifting  Lever."  Make  sure  that  this  is 
in  neutral;  that  is,  in  a  vertical  position,  and  that  it  swings 
freely  right  and  left. 

3.  The  right  hand  is  the  emergency  brake  lever  and  should  be 
set  by  pulling  towards  seat.  Do  not  drag  the  pawl  over  the 
teeth  of  the  ratchet,  but  hold  the  release  against  the  lever  in 
setting  as  in  releasing  the  brakes. 

4.  On  the  steering  wheel  are  two  levers — the  longer  for  the 
gas  throttle  valve  and  the  shorter  for  the  ignition  spark.  Ad- 
vance the  throttle  lever  one-third  way  on  quadrant. 

5.  Set  the  spark  lever  at  full  retard. 

6.  Leave  the  driver's  seat  and  take  position  in  front  of  start- 
ing crank. 

7.  Close  carburetor  choker  valve  by  pulling  wire  at  the  left 
of  starting  crank. 

8.  Spin  the  engine  four  or  five  revolutions  with  choker  valve 
closed  so  that  cylinders  may  fill  with  gas. 

9.  Close  ignition  switch. 

10.  Grasp  starting  crank  in  palm  of  left  hand,  engage  and  pull 
up  one-quarter  turn. 

11.  When  engine  starts,  close  choker  valve.  If  above  pro- 
cedure fails  to  start  engine,  grasp  starting  crank  with  right  hand 
and  spin  the  engine  four  or  five  revolutions  with  choker  valve 
closed.  When  spinning  engine  with  ignition  switch  on,  be  sure 
that  spark  lever  on  wheel  is  fully  retarded. 

12.  When  engine  is  running  regularly  retard  throttle  lever 
until  engine  runs  at  slow  speed. 

13.  Set  spark  lever  at  full  advance. 

NOTE:  If  motor  starts  hard  or  runs  irregularly,  do  not  at- 
tempt carburetor  or  other  adjustments  until  motor  has  warmed 
up  to  its  normal  temperature. 
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Detailed  Instructions  for  Mack  Truck  Operation. — To  start 
the  truck  with  engine  running  properly  on  retarded  throttle 
and  advanced  spark  take  position  in  driver's  seat  behind  steering 
wheel. 

1.  Release  the  emergency  brake  lever  as  far  as  it  will  go 
towards  the  dash. 

At  the  base  of  the  steering  column  are  three  pedals,  two  large 
and  one  small.  The  left-hand  large  pedal  when  pushed  forward 
disengages  the  clutch.  The  right-hand  large  pedal  when  pushed 
forward  applies  the  service  brake.  The  small  pedal  is  the  "Ac- 
celerator," which  connects  with  the  gas  throttle,  independent  of 
the  throttle  lever  on  the  steering  wheel. 

2.  Disengage  the  clutch  with  left  foot. 

3.  Move  the  gear  "Shifting  Lever"  into  low  or  first-speed  po- 
sition with  the  clutch  disengaged. 

4.  With  the  right  foot  press  down  lightly  on  the  small  "Ac- 
celerator" pedal,  and  with  the  motor  turning  over  at  a  fairly 
good  speed — 

5.  Engage  clutch  carefully.  Do  not  remove  left  foot  from 
clutch  pedal  but  let  the  clutch  in  gradually  to  prevent  truck 
from  "jumping." 

6.  Press  down  gradually  on  accelerator  pedal  as  you  engage 
the  clutch.  First,  to  prevent  motor  from  "stalling,"  and,  second, 
to  give  the  truck  sufficient  momentum  to  shift  to  the  next  higher 
speed. 

7.  Disengage  clutch  with  left  foot. 

8.  Allow  accelerator  pedal  to  return  to  normal  position. 

9.  Move  the  gear  "Shifting  Lever"  into  intermediate  or  second 
speed  with  the  clutch  disengaged. 

10.  With  the  right  foot  press  down  on  the  "accelerator"  pedal, 
and  with  the  motor  turning  over  at  good  speed — 

11.  Engage  the  clutch  carefully,  pressing  down  the  "acceler- 
ator" pedal  sufficiently  to  give  the  truck  good  momentum  for 
the  shift  to  the  next  higher  speed. 

12.  Disengage  clutch  with  left  foot. 

13.  Allow  the  "Accelerator"  pedal  to  return  to  normal  position. 

14.  Move  the  gear  "Shifting  Lever"  into  high  or  third,  with 
the  clutch  disengaged. 

15.  Engage  clutch  carefully. 

16.  Control  the  speed  of  the  truck  by  means  of  the  "Acceler- 
ator" pedal. 


Digitized  by  Google 


49<> 


The  Motor  Truck 


17.  Run  the  truck  with  spark  fully  advanced.  Retard  the  spark 
i  nly  when  engine  knocks  on  hills  or  in  heavy  going.  Advance 
the  spark  again  as  soon  as  conditions  are  favorable. 

To  Change  from  High  to  Low  Speeds 

1.  It  retarding  the  spark  does  not  overcome  engine  knocks 
and  laboring — 

2.  Disengage  clutch  with  left  foot.    Push  pedal  clear  down. 

3.  Allow  "Accelerator"  pedal  to  return  to  normal  position. 

4.  Move  the  gear  "Shifting  Lever"  into  next  lower  speed. 

5.  Engage  clutch  carefully,  pressing  down  "Accelerator"  pedal 
to  maintain  momentum. 

NOTE :  You  should  study  the  speed  of  the  truck  on  each  of 
its  forward  speeds  and  move  the  gear  shifting  lever  at  a  truck 
speed  which  corresponds  with  the  forward  speed  which  you  arc 
about  to  engage.  When  shifting  up,  move  quickly  so  that  truck 
will  not  lose  momentum. 

When  shifting  down,  release  clutch,  then  hesitate  an  instant 
so  that  truck  may  lose  a  little  momentum  before  engaging  lower 
gear.  It  is  easier  to  change  speeds  with  motor  throttled  down 
than  when  it  is  racing. 

To  Stop  the  Truck 

1.  Disengage  clutch  with  left  foot. 

2.  Allow  "Accelerator"  pedal  to  return  to  normal  position. 

3.  Press  down  service  brake  pedal  gradually  with  right  foot. 

NOTE:  If  you  push  down  too  hard  on  the  brake  pedal  it  will 
lock  the  rear  wheels.  If  ground  is  slippery  truck  will  skid.  If 
ground  is  dry  tires  will  be  damaged.  It  is  much  better  to  pick 
out  the  point  at  which  you  wish  to  stop  in  advance,  and  coast 
up  to  it  slowly  with  clutch  disengaged  than  it  is  to  drive  up  at 
full  speed  and  slam  on  the  brakes  in  the  last  few  feet.  If  an 
emergency  stop  is  necessary,  use  the  emergency  brake  in  addi- 
tion to  the  foot  brake. 

When  Truck  Has  Come  to  Stop 

1.  Move  gear  "Shifting  Lever"  to  neutral  position. 
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2.  Set  the  emergency  brake. 

3.  Engage  clutch. 

To  Stop  the  Motor 


1.  Advance  the  throttle  lever  on  steering  wheel  about  one 
ird  way  on  quadrant. 

2.  Open  the  ignition  switch. 


Never  attempt  to  reverse  the  truck  until  it  has  been  brought 
to  a  stop.    Stripped  gears  may  result. 
L  Disengage  clutch  with  left  foot. 

2.  Move  gear  "Shifting  Lever"  into  reverse  speed  with  the 
clutch  disengaged. 

3.  Press  down  lightly  on  the  small  "Accelerator"  pedal. 

4.  Engage  clutch  carefully. 

5.  Back  your  truck  very  carefully.  Do  not  back  your  rear 
wheels  into  soft  ground.  Do  not  back  the  rear  end  of  your 
frame  over  a  loading  platform.  Do  not  back  any  part  of  your 
truck  against  a  curb,  loading  platform  or  building. 


To  prepare  the  truck  for  service :  Fill  the  radiator  with  clean 
water.  Fill  the  gasoline  tank.  Turn  on  the  gasoline.  Be  sure 
that  the  lubricating  oil  in  the  motor  crankcase  is  up  to  the  over- 
flow level.  Be  sure  that  all  parts  requiring  lubrication  are  sup- 
plied with  the  proper  lubricant.  The  truck  is  shipped  from  the 
factory  with  a  supply  of  oil  in  all  parts. 

Preliminary  to  starting  the  motor  put  the  change  speed  lever 
in  neutral  position.  (See  Fig.  309.)  Set  the  hand  brake.  Open 
the  throttle  until  the  accelerator  drops  slightly.  Move  the  aux- 
iliary air  valve  adjusting  lever  on  control  board  toward  "Gas." 
About  half  way  in  warm  weather;  all  the  way  in  cold  weather. 
Both  primary  and  secondary  air  intakes  may  be  choked  by  pull- 
ing out  the  knob  under  left  side  of  front  bumper.  When  truck 
is  equipped  with  electric  starter  use  the  button  in  the  center  of 
the  control  board.  Be  sure  that  the  dash  indicator  shows  pres- 
sure in  the  fuel  tank.  Initial  pressure  may  be  obtained  by  using 
the  hand  pump. 


To  Reverse  the  Truck 
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To  start  the  motor:  By  cranking — Fully  retard  spark  lever 
on  control  board.  (See  Figs.  309  and  310.)  Turn  the  ignition 
switch  to  B.  Engage  the  starting  crank  and  give  it  several 
rapid  turns.    On  the  magneto — In  case  the  battery  should  be 


Fig.  309. — Control  System  of  Packard  Truck. 


run  down,  the  motor  may  be  started  on  the  magneto.  Set  spark 
lever  in  mid  position.  The  throttle  should  be  open  until  accel- 
erator pedal  drops  slightly  as  for  other  methods  of  starting 
Turn  the  ignition  switch  to  M.  Crank  the  motor  by  spinning 
rapidly.  With  electric  starter — Turn  the  ignition  switch  to 
M.  Set  spark  lever  in  mid  position.  Crank  motor  by  pressing 
down  on  heel  button.  Release  button  as  soon  as  motor  starts 
firing. 
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After  the  Motor  Starts. — Turn  the  ignition  switch  to  M.  It 
will  be  in  that  position  if  the  motor  has  been  started  on  the 
magneto.  Move  the  auxiliary  air  valve  lever  on  the  control 
board  toward  "Air"  and  set  it  at  the  point  at  which  the  motor 
runs  best.    An  experienced  operator  may  obtain  a  still  finer 


Mm 


Air  Conirol 


ModerD' 


R    fit  3* 


/ 


2nd 


4th 


Fig.  310.— Packard  Control' System  Details. 

adjustment  by  resetting  this  lever  with  the  throttle  closed.  Close 
the  throttle  until  the  motor  runs  slowly. 

To  Operate  the  Truck. — Release  the  hand  brake.  This  should 
not  be  done  until  driver  is  seated  in  the  truck.  The  clutch 
pedal  must  be  depressed  before  attempting  to  shift  gears.  Al- 
ways start  the  truck  at  its  lowest  gear  ratio  and  allow  it  to  gain 
its  maximum  speed  by  running  at  each  succeeding  gear  ratio. 
All  model  D  trucks  have  transmissions  giving  three  speeds 
forward,  and  all  model  E  trucks  have  transmissions  giving 
four  speeds  forward.  Always  accelerate  the  motor  slightly  be- 
fore engaging  the  clutch.    After  gears  are  shifted  engage  clutch 
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slowly  until  it  starts  to  grip  and  hold  and  truck  picks  up  speed, 
then  remove  foot  from  pedal.  When  stopping  truck  throw  out 
clutch  pedal  and  then  be  sure  to  put  change  speed  lever  in 
neutral  position,  pull  up  hand  brake  lever  and  engage  clutch. 

To  Reverse. — To  reverse  the  "D"  model  truck  having  a  three- 
speed  transmission  first  push  down  the  change  speed  lever  re- 
verse button  before  attempting  to  put  the  lever  into  position. 
On  "E"  model  truck  it  is  necessary  to  raise  the  latch  which  is  at 
the  upper  end  of  the  shifter  lever.  For  movement  of  lever  see 
diagrams  at  Fig.  310.  It  is  important  on  heavy  pulls  to  change 
to  lower  gear,  instead  of  retarding  spark.  When  starting  uphill 
or  on  heavy  pulls  shift  to  a  low  gear  immediately  instead  of  wait- 
ing until  the  truck  has  lost  its  momentum.  Keep  spark  ad- 
vanced as  fully  as  possible  without  causing  the  motor  to  knock. 
Keep  air  control  lever  as  far  as  possible  toward  "Air"  at  left 
side  of  sector.  When  motor  pops  in  carburetor  move  the  lever 
one  or  two  notches  back  toward  "Gas." 

To  Stop  the  Motor. — Turn  switch  to  "O"  position  and,  while 
the  motor  is  still  turning  from  its  own  momentum,  open  the 
hand  throttle  about  one-third  and  turn  auxiliary  air  valve  ad- 
justing lever  on  control  board  toward  "Gas."  This  provides  a 
rich  mixture,  desirable  for  starting  the  motor  the  next  time 
The  lever  should  not  be  moved  as  far  toward  "Gas"  in  warm 
weather  as  in  cold  or  the  charge  remaining  in  the  motor  may  be 
so  rich  that  it  will  hinder  rather  than  assist  starting. 

How  to  Operate  the  Autocar 

It  is  well  for  the  beginner  to  form  correct  habits  of  procedure 
in  the  routine  of  starting  the  car.  After  assuring  yourself  that 
there  is  a  proper  supply  of  water,  gasoline  and  oil  in  the  car.  he 
sure  that  the  clutch  is  held  out  of  engagement.  This  may  be 
done  by  pushing  or  pulling  the  outside  hand  lever  toward  the 
rear  of  the  car,  thereby  setting  the  emergency  brake,  and  by  set- 
ting the  inner  (gear  shift)  hand  lever  pawl  in  second  notch  from 
the  rear,  which  is  neutral  position. 

To  Start  the  Motor. — Push  in  magneto  switch  and  open  the 
throttle  partially  by  moving  the  lever  on  the  steering  wheel  from 
one-third  to  one-half  of  its  travel  upward.  Crank  the  motor, 
being  careful  of  the  manner  in  which  the  crank  handle  is  gripped ; 
that  is,  keep  the  thumb  on  the  same  side  as  the  fingers,  never 
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Fig.  311. — Control  Levers  and  Gears  of  Autocar  Truck,  Showing 

Progressive  Gear  Shift  System. 
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gripping  between  the  thumb  and  fingers.  Pull  up  on  crank- 
handle  with  a  quick  half  turn.  Never  push  down  on  starting 
crank.  Brisk  cranking  is  necessary  to  form  a  proper  mixture, 
and  to  obtain  a  proper  spark  from  the  magneto.  If  motor  does 
no{  start,  give  the  starting  crank  a  quick  turn,  or,  if  necessary, 
several  rapid  turns,  always  revolving  the  crank  towards  the  right. 
In  case  the  motor  does  not  start  readily  after  following  these 
instructions,  or  in  cold  weather,  when  the  gasoline  does  not 
vaporize  readily  until  the  engine  is  warmed  up,  pull  out  rod 
extending  through  the  radiator  near  the  starting  crank.  Then 
again  crank  motor  as  before.  As  soon  as  motor  has  started, 
immediately  push  rod  back  to  its  original  position,  as  the  motor 
will  stop  if  this  is  not  done.  Having  started  the  motor,  reach 
over  the  dash  and  retard  the  throttle  to  prevent  motor  racing, 
then 

To  Start  the  Car. — Take  position  in  the  seat  ready  to  start 
the  car.  With  the  left  foot  on  the  clutch  pedal  and  right  foot 
on  the  brake  pedal  the  operator  grasps  the  steering  wheel  with 
the  left  hand.  While  holding  out  clutch  pedal  with  the  left  foot, 
with  right  hand  release  emergency  brake,  holding  car  with  right 
foot  brake  if  on  an  incline  of  road.  Then  prepare  to  shift  gears 
as  follows :  Press  the  spoon  which  lifts  the  pawl  from  the  notch 
(and  allows  the  gear  shift  lever  to  be  moved  forward),  and  im- 
mediately release  spoon  so  that  pawl  will  fall  in  third  notch, 
this  being  low  gear.  Speed  up  motor  slightly  by  opening  the 
throttle  lever,  but  do  not  race  the  motor.  Then  gradually  let 
clutch  pedal  come  back  and  engage  clutch,  thereby  starting  the 
car. 

Shifting  Gears. — Open  throttle  slightly  farther  until  car  is 
well  under  way  and  begin  the  progressive  changing  of  gears. 
First  and  always  in  shifting  gears  throw  out  the  clutch  with  the 
left  foot  (holding  clutch  out  until  shift  has  been  made),  move 
gear  shift  lever  as  before,  forward  into  fourth  position,  advance 
throttle  and  gradually  engage  clutch.  Repeat  this  operation  in 
changing  from  intermediate  to  fifth  position,  or  high  gear.  Speed 
is  controlled  by  advancing  or  retarding  the  throttle  to  meet  the 
various  road  conditions.  It  is  always  advisable  to  start  car  on 
low  gear,  as  this  relieves  all  possible  strain  on  the  motor  and 
transmission  mechanism.  Never  attempt  to  start  car  with  gear 
shift  lever  in  intermediate  or  high-speed  position.  Furthermore, 
when  stopping  always  bring  gear  shift  lever  into  neutral  po- 
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sition  so  as  to  be  ready  to  start  as  before.  In  shifting  from  low 
gear  to  reverse,  and  vice  versa,  release  clutch,  but  do  not  move 
gear  shift  until  car  has  come  to  a  rest,  so  as  not  to  abuse  the  . 
gears,  the  teeth  of  which  are  moving  in  the  opposite  direction. 
Their  engagement  under  these  conditions  would  increase  the 
wear. 

The  proper  shifting  of  gears  is  easily  understood  after  prac- 
tice. The  movement  should  be  made  quickly,  and  never  with 
throttle  wide  open,  causing  the  motor  to  race.  In  case  the  car 
is  standing  still  and  the  gear  shift  lever  cannot  be  moved  to 
position  desired,  because  the  edges  of  the  teeth  of  the  trans- 
mission gears  strike  and  will  not  allow  the  sliding  gear  to  be 
moved,  release  the  clutch  pedal  slightly,  thus  permitting  the 
clutch  to  partly  engage  and  rotate  the  clutch  shaft.  Press  out 
clutch  pedal  again.  While  the  shaft  is  rotating  the  gear  shift 
lever  can  be  moved  to  any  position.  Great  pressure  on  the  gear 
shift  lever  is  unnecessary;  should  be  avoided,  in  fact,  as  it  strains 
the  whole  mechanism. 

To  Stop  the  Car. — In  slowing  the  speed  of  the  car  or  stopping, 
push  out  the  clutch  pedal  with  left  foot,  then  apply  the  brake 
pedal  gradually  with  right  foot,  avoiding  sudden  pressure,  as 
this  will  cause  the  rear  wheels  to  slide  without  rotating.  When 
the  car  is  brought  to  a  full  rest,  gradually  pull  back  emergency 
brake  lever,  which  holds  out  the  clutch  and  puts  on  emergency 
brake  at  the  same  time.  Always  bring  the  gear  shift  lever  into 
second  notch  or  neutral  position.  Pull  out  switch  on  front  of 
driver's  seat.  This  short  circuits  the  electric  current  and  motor 
is  brought  to  a  complete  rest. 

Gear  Positions 

The  action  of  placing  tin-  pawl  in  the  different  notches  of  the 
sector  plate  as  indicated  by  the  numbers  above  shifts  the  gears 
into  their  progressive  positions,  as  No.  1,  Reverse;  No.  2,  Neu- 
tral; No.  3,  Low  Speed;  No.  4,  Intermediate  Speed,  and  No.  5, 
High  Speed.    All  these  are  shown  at  Fig.  311. 

Things  to  Remember 

1.  Fill  radiator  with  clear  water  daily. 

2.  Fill  gasoline  tank,  straining  the  gasoline  through  chamois. 
V  Fill  oiler  with  good  grade  of  gas  engine  cylinder  oil. 
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4.  Lubricate  all  parts  with  medium-bodied  oil  as  per  oiling 
instructions  that  will  be  found  on  chart  under  driver's  seat. 

5.  With  motor  running,  occasionally  look  at  sight-feed  on  oiler 
to  see  that  oil  is  feeding  properly. 

6.  Keep  pneumatic  tires  properly  inflated. 

7.  Proper  adjustment  of  brakes  is  very  important  for  the 
safety  of  both  car  and  operator. 

8.  In  using  brakes  always  apply  pressure  gradually. 

9.  Always  let  in  clutch  slowly  and  easily. 

10.  Release  clutch  entirely  before  shifting  gears,  and  then 
move  shifting  lever  with  a  steady  pressure. 

11.  A  daily  inspection  of  car  should  be  made,  tightening  all 
bolts  and  nuts  that  may  have  jarred  loose.  A  little  care  in  this 
respect  will  avoid  trouble. 

Care  and  Operation  of  Bethlehem  Trucks 

1.  Fill  radiator  with  clean  water. 

2.  Check  quantity  of  oil  in  crankcase  of  engine  by  looking  at 
oil  gauge  on  right-hand  side  of  crankcase.  There  should  be 
sufficient  oil  in  the  crankcase  at  all  times  to  maintain  the  oil 
gauge  at  a  point  three-quarters  of  the  way  up  the  glass,  or 
higher.  Engine  must  never  be  run  under  any  circumstances 
when  the  oil  gauge  stands  below  the  center  of  the  glass. 

3.  Lift  seat  cushion  and  connect  heavy  cable  to  battery  ter- 
minal, tightening  terminal  clamp  so  as  to  make  good  contact. 

4.  Insert  ignition  key  (shipped  in  envelope  attached  to  steer- 
ing wheel)  in  switch  on  dash  and  turn  key  one-quarter  turn 
to  the  right  to  "On"  position.  Key  should  always  be  turned  to 
the  right,  and  must  never  be  left  in  "On"  position  if  engine 
stalls. 

5.  Richen  mixture  for  easy  starting  by  pulling  the  choker  on 
side  of  steering  column  to  position  marked  "Gas."  After  engine 
has  started,  choker  should  be  gradually  returned  to  position 
marked  "Air." 

6.  Retard  spark  by  pushing  inner  lever  on  steering  wheel  all 
of  the  way  up  the  quadrant  and  partially  open  throttle  by  pull- 
ing outer  lever  on  steering  wheel  about  one-third  of  the  way 
down  the  quadrant. 

7.  Crank  engine  by  depressing  starting  button  (located  in  toe 
boards).    Release  starting  button  the  moment  engine  starts.  If 
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engine  does  not  start  within  a  few  seconds,  release  starting  but- 
ton and  examine  ignition  wiring  for  loose  connections,  and  also 
see  that  fuse  is  in  place  in  clip  on  engine  side  of  dash.  Prolonged 
cranking  with  the  starting  motor  will  only  discharge  the  storage 
battery  needlessly.  Until  truck  has  been  driven  about  two  hun- 
dred miles,  or  enough  to  free  the  engine  bearings,  it  is  advisable 
to  assist  the  starting  motor  by  using  the  hand  crank,  thereby 
avoiding  undue  strain  on  the  storage  battery. 

Lubrication. — After  truck  has  been  driven  about  three  hundred 
miles,  drain  all  oil  from  engine  crankcase,  flush  thoroughly  with 
kerosene  and  refill  with  fresh  oil.  The  engine  will  give  longer 
service  if  this  procedure  is  carefully  followed  each  month. 

Instructions  covering  lubrication  of  all  other  parts  of  the 
truck  are  given  in  the  lubrication  chart  on  page  42. 

Engine. — Firing  order  1-3-4-2.  When  necessary  to  readjust 
or  grind  valves,  clearance  of  .003  inch  in  the  case  of  inlet  valves 
and  .005  inch  in  the  case  of  exhaust  valves  should  be  left  between 
push  rod  and  valve  stem  when  engine  is  hot.  If  engine  shows  a 
tendency  to  overheat,  make  sure  that  fan  belt  has  sufficient  ten- 
sion to  drive  fan.  Belt  can  be  tightened  by  loosening  pinch-bolt 
and  shifting  eccentric  at  top  of  fan  bracket.  Overheating  is  also 
often  caused  by  driving  with  retarded  spark.  Spark  lever  should 
be  advanced  down  quadrant  on  steering  wheel  as  far  as  possible 
without  causing  engine  to  knock. 

Carburetor. — The  carburetor  is  properly  adjusted  at  the  fac- 
tory. Do  not  attempt  to  readjust  it  unless  you  are  certain  it 
is  causing  trouble.  If,  however,  readjustment  becomes  neces- 
sary, run  engine  until  thoroughly  warm  before  attempting  any 
readjustment.  Close  air  valve  entirely  by  turning  cap  to  the 
right  as  far  as  possible,  then  turn  one  complete  revolution  to 
the  left.  Open  throttle  about  one-third  and  start  engine,  turn- 
ing air  valve  cap  to  left  until  engine  runs  smoothly.  Accelerate 
engine  by  opening  throttle  quickly,  keeping  spark  lever  in  re- 
tarded position.  If  engine  backfires  into  carburetor,  turn  small 
adjusting  thumbscrew  under  air  valve  chamber  upward,  to  give 
more  tension  to  air  valve  spring. 

Governor. — The  governor  is  properly  adjusted  at  the  factorv 
and  should  not  be  readjusted.  In  case  readjustment  becomes 
absolutely  necessary  for  any  reason,  two  keys  for  governor  pad- 
lock will  be  found  in  envelope  attached  to  steering  wheel. 

r' 
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Ignition. — Always  fully  retard  spark  before  attempting  to 
start  engine.  Never  leave  ignition  key  in  "On"  position  when 
engine  is  not  running.  Always  drive  with  spark  advanced  as 
far  as  possible  without  causing  engine  to  labor  or  knock. 

Starting-Lighting  System. — Never  run  engine  with  storage 
battery  disconnected  or  without  proper  fuse  in  fuse  clip  on  en- 
gine side  of  dash.  This  fuse  should  be  of  20-ampere  capacity. 
If  the  engine  is  run  under  either  of  the  above  conditions,  the 
windings  of  the  generator  will  be  burned  out.  Do  not  engage 
starting  motor  by  depressing  starting  button  while  flywheel  is 
in  motion.  This  is  likely  to  result  in  damage  to  starting  gears. 
Full  information  in  regard  to  the  Gray  &  Davis  starting-lighting 
system  will  be  found  in  booklet  in  tool  box. 

Storage  Battery. — Follow  instructions  given  on  plate  on  dash. 
Use  only  distilled  water  in  storage  battery.  On  the  first  and 
fifteenth  of  each  month,  fill  each  of  the  three  cells  of  storage 
battery  with  distilled  water  to  a  height  of  about  one-quarter 
inch  above  top  of  plates.  Grease  battery  terminals  occasionally 
to  prevent  corrosion.  Full  information  in  regard  to  the  Willard 
storage  battery  will  be  found  in  booklet  in  tool  box. 

Cooling  System. — The  radiator  should  be  kept  nearly  full  of 
clean  water  to  assure  perfect  cooling.  Remove  drain  plug  from 
bottom  of  radiator  occasionally  and  flush  entire  cooling  system 
with  clean  water.  When  the  temperature  is  below  32  degrees 
Fahrenheit,  the  cooling  system  must  be  drained  if  the  engine  is 
stopped  for  any  length  of  time,  or  an  anti-freezing  solution  must 
be  used.  A  mixture  of  wood  alcohol  and  water  is  the  least  likely 
to  clog  up  the  small  water  passages  in  the  radiator  core.  Never 
pour  cold  water  into  a  partially  empty  cooling  system  while  the 
engine  is  hot. 

Clutch. — Do  not  permit  clutch  pedal  to  touch  floor  board  when 
clutch  is  engaged,  as  this  condition  will  cause  rapid  wear  of 
clutch  facing.  Position  of  clutch  pedal  can  be  easily  altered  by 
means  of  adjusting  hub  under  floor  boards.  Do  not  drive  with 
foot  resting  on  clutch  pedal.  This  will  also  cause  slipping  in 
the  clutch  and  very  rapid  wear  on  the  clutch  facing.  Full  infor- 
mation in  regard  to  the  Borg  &  Beck  clutch  will  be  found  in 
chapter  on  clutches. 

Spring  Clips. — All  spring  clip  nuts,  both  front  and  rear,  must 
be  tightened  every  week  for  the  first  four  weeks  that  a  new 
truck  is  in  service.    They  should  also  be  tightened  at  frequent 
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intervals  thereafter.  This  precaution  is  absolutely  necessary  to 
prevent  spring  breakage,  which  is  certain  to  occur  if  the  un- 
avoidable stretch  in  the  clips  is  not  taken  up. 

Important  General  Instructions. — A  regular  weekly  inspection 
of  the  truck  and  tightening  of  all  loose  nuts  and  bolts  will  pre- 
vent serious  trouble  later  on.  Inspect  level  of  oil  in  engine 
crankcase  regularly  each  day,  and  follow  carefully  all  instruc- 
tions given  on  oiling  chart.  While  your  truck  is  designed  to 
carry  a  considerable  overload  in  case  of  emergency,  continual 
overloading  will  shorten  its  life.  The  same  effect  is  produced 
if  the  governor  is  opened  and  truck  driven  faster  than  the  speed 
for  which  it  was  designed. 

Summary  of  Important  Suggestions  to  Drivers. — Do  lubricate 
regularly  and  thoroughly ;  it  prolongs  the  life  of  your  truck. 
Don't  lock  your  brakes,  thus  sliding  your  wheels ;  it  wears  out 
your  tires  and  puts  useless  strain  on  the  truck.  Do  keep  your 
truck  clean ;  grit  is  to  wearing  parts  what  disease  is  to  the  human 
race.  Don't  accelerate  too  quickly ;  it  causes  the  motor  to  pound 
and  puts  needless  strain  on  the  truck  in  general.  Do  keep  your 
brakes  adjusted;  "Safety  First,"  while  a  good  motto  for  all,  is 
doubly  applicable  as  regards  the  operation  of  a  truck.  Don't 
allow  your  truck  to  stand  in  pools  of  oil  or  water ;  money  saved 
on  tires  has  as  much  purchasing  power  as  that  which  is  earned 
otherwise.  Your  employer  knows  this.  Do  inspect  and  tighten 
up  often ;  it  is  unnecessary  to  quote  the  old  adage  in  reference 
to  "a  stitch  in  time,"  etc.  Don't  fail  to  heed  the  truck's  request 
for  lubrication,  made  apparent  by  a  squeak ;  when  this  condition 
is  allowed  to  continue,  damage  is  the  inevitable  result.  Do 
change  gears  as  necessary;  they  were  put  in  the  truck  to  avoid 
undue  wear  and  tear ;  do  your  part. 

Don't  fail  to  cover  the  radiator  and  hood  when  truck  is  re- 
quired to  stand  in  cold  weather ;  the  purchase  of  a  new  motor, 
radiator  and  pump,  made  necessary  by  your  carelessness,  will 
not  tend  to  boost  your  stock  with  your  employer.  Do  have 
patience  with  the  motor  on  a  cold  morning;  it  will  not  reach 
its  highest  efficiency  until  it  warms  up.  Don't  knock  the  truck 
to  your  employer;  remember  it  is  your  fellow-workman,  and 
there  are  thousands  of  trucks  such  as  yours  in  operation  that 
are  giving  perfect  service.  Find  out  what  is  causing  any  trouble 
that  may  develop  and  take  means  to  eliminate  it.  If  our  Serv- 
ice Department  can  help,  we  are  at  your  disposal.    Do  exercise 
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thoughtfulness  in  picking  your  route;  care  in  this  regard  will 
be  compensated  for  by  the  extra  good  service  which  the  truck 
will  render  you.  Don't  speed;  you  are  driving  a  heavy  duty 
truck,  not  a  speedster.  Do  keep  your  truck  moving;  when  run- 
ning, it's  an  asset;  when  standing,  a  liability.  Don't  overload; 
overloaded  trucks,  like  overworked  men,  break  down.  Both  are 
of  very  little  value  in  that  condition. 

Any  truck  or  trucks,  with  systematic  care  outlined  and  proper 
lubrication,  will  give  satisfactory  and  economical  service.  1 — 
Any  unusual  noise  is  a  sign  that  something  needs  attention. 
2 — If  car  starts  to  skid,  release  clutch,  but  do  not  apply  brakes 
until  car  is  under  control.  3 — Using  a  poor  oil  or  oil  that  has 
been  used  too  long  in  the  engine  will  foul  spark  plugs.  4 — If 
truck  is  to  be  laid  up  for  several  weeks,  put  two  tablespoonfuls 
of  oil  in  each  cylinder  to  prevent  rust.  5 — Should  it  become 
necessary  to  tow  another  vehicle  or  to  have  the  truck  towed,  be 
sure  that  the  tow  line  is  hitched  to  a  frame  and  NOT  TO  AN 
AXLE.  6 — Always  run  slowly  on  wet  asphalt  and  slow  down 
for  corners  to  avoid  skidding  and  to  save  tires.  7 — Do  not  ap- 
ply the  brakes  suddenly,  except  in  cases  of  emergency.  8 — Do 
not  engage  clutch  when  brake  is  set  unless  gear  lever  is  in  neu- 
tral. 9 — Do  not  start  motor  unless  gear  lever  is  in  neutral  po- 
sition. 10 — Do  not  allow  the  truck  to  stand  for  more  than  a 
few  minutes  with  the  engine  running.  11 — If  the  motor  misses 
ignitions  the  trouble  is  most  certain  to  be  in  the  spark  plugs  or 
wiring.  12 — Never  run  the  motor  at  high  speed  without  a  load. 
13 — If  the  motor  has  been  overloaded  so  that  the  water  has 
boiled  awav.  raise  the  hood  and  allow  it  to  cool  down  to  normal 
temperature  BEFORE  ADDING  MORE  WATER. 

Climbing  Hills. — Do  not  attempt  to  rush  a  hill.  Shift  gears 
when  necessary  to  prevent  unnecessary  laboring  of  the  engine, 
as  the  hill  will  be  negotiated  in  less  time  and  the  strain  on  the 
mechanism  will  be  relieved.  If  spark  control  lever  is  retarded, 
be  sure  to  advance  it  after  it  has  been  negotiated,  for  to  run 
with  retarded  spark  will  cause  engine  to  overheat. 

Descending  Hills. — To  maintain  control  of  the  truck  in  de- 
5cending  long  hills  it  is  advisable  to  shift  to  second  or  first  speed 
and  cut  oil  the  ignition,  using  engine  as  a  brake.  With  the 
emergency  brake  and  the  powerful  service  brake  applied  at  the 
proper  time  to  prevent  truck  gaining  momentum,  absolute  con- 
trol is  assured. 
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Stopping  Truck  on  Hills. — When  truck  is  allowed  to  stand  on 
grades,  set  the  emergency  brakes.  Should  the  grade  be  par- 
ticularly steep  or  the  truck  is  to  be  left  in  this  position  for  an 
extended  period,  take  the  extra  precaution  of  blocking  the  wheels. 
When  the  truck  is  descending  a  hill,  never  attempt  to  retard  its 
motion  by  using  the  reverse  gear. 

Chuck  Holes  and  Ridges. — When  chuck  holes,  raised  cross- 
ings or  ridges  are  encountered,  allow  the  truck  to  enter  the  de- 
pressions slowly,  slipping  the  clutch  momentarily  and  open  the 
throttle  just  before  the  front  wheels  meet  the  rise.  The  front 
wheels  will  climb  these  abrupt  ridges,  so  it  is  absolutely  unnec- 
essary to  rush  the  hole  to  force  the  front  wheels  over.  Careful 
handling  under  such  road  conditions  will  prevent  undue  strain 
on  the  springs,  which  bear  the  brunt  of  these  sudden  shocks. 

Sand — Mud — Snow. — The  same  precautions  used  in  climbing 
hills  are  applicable  to  the  negotiations  of  soft  roads  of  mud, 
sand  or  snow.  Shift  to  lower  gears  before  engine  begins  to 
labor.  This  is  altogether  desirable  to  prevent  overheating  of  the 
engine.  It  is  possible,  when  the  truck  is  mired  in  soft  road-bed, 
to  secure  additional  traction  by  turning  the  front  wheels  so  that 
they  will  work  against  the  sides  of  the  rut.  With  the  means  of 
securing  additional  traction  and  controlling  application  of  power 
to  all  the  wheels,  provided  in  our  construction,  it  remains  only 
for  the  judgment  and  ability  of  the  driver  to  meet  the  special 
conditions  encountered. 

Use  of  Throttle. — When  starting  through  soft  spots,  do  not 
race  the  engine  before  engaging  the  clutch,  for  the  governor 
automatically  closes  the  butterfly  valve  in  the  inlet  manifold, 
consequently,  when  the  clutch  is  engaged  the  motor  meets  the 
peak  load  with  small  throttle  opening.  When  starting  against 
great  road  resistance,  open  the  throttle  as  the  clutch  is  engaged. 
This  will  allow  the  engine  to  obtain  its  full  charge  of  fuel  at 
the  moment  when  greatest  power  is  needed. 

Don'ts  by  International  Harvester  Company 

Don't  try  to  make  a  racing  car  out  of  your  truck. 
Don't  start  without  sufficient  oil,  water  and  gas  to  get  back  on. 
Don't  attempt  to  shift  from  high  speed  into  intermediate  gear 
when  the  car  is  running  at  a  high  rate  of  speed. 
Don't  leave  car  without  setting  emergency  brakes. 
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Don't  move  the  gear  shift  lever  while  the  clutch  is  ItL 
Don't  attempt  to  shift  from  second  to  low  gear  unless  the  car 
is  running  very  slowly. 

Don't  turn  corners  at  high  speed. 

Don't  neglect  to  turn  front  wheel  against  curb  when  stopping 
truck  on  a  hill. 

Don't  drive  over  railroad  crossings  without  first  shifting  into 
second  speed. 

Don't  leave  the  car  without  taking  out  the  switch  key  or 
placing  the  same  in  off  position. 

Don't  drive  over  rough  places  when  it  can  be  avoided. 

Don't  blame  the  truck  for  trouble  that  your  carelessness  has 
caused. 

Don't  be  afraid  to  ask  for  information. 

Don't  lose  your  instruction  book  and  repairs  list. 

Don't  leave  the  car  with  motor  running. 

Don't  use  your  truck  for  joy  riding. 

Don't  allow  dirt  and  oil  to  accumulate  on  frame,  motor, 
axles,  etc. 

Don't  screw  bolts  and  nuts  hard  enough  to  strip  their  threads. 
Don't  forget  cotter  pins  and  lock  nuts. 

Don't  run  the  motor  if  knocking,  pounding,  squeaking  or 
grinding. 

Don't  allow  the  motor  to  run  at  high  speed  under  no  load. 

Don't  attempt  to  start  the  engine  with  the  switch  turned  off, 
or  without  gasoline  in  the  tank. 

Don't  leave  the  motor  overnight  in  weather  cold  enough  to 
freeze,  without  drawing  off  the  water. 

Don't  crank  the  motor  without  first  retarding  the  spark,  setting 
the  emergency  brake  and  throwing  the  gear  shifting  lever  into 
neutral. 

Don't  turn  steering  wheel  when  car  is  not  in  motion.  It  is 
hard  on  the  tires. 

Don't  run  with  water  low  in  the  radiator. 

Don't  pinch  the  inner  tube  when  applying  or  removing  an 
outer  casing.  Pass  the  hand  around  inside  before  re-applying 
the  outer  bead. 

Don't  try  to  force  a  tire  onto  the  wheel.  If  it  goes  on  unusu- 
ally hard,  look  for  some  trouble.  Perhaps  the  valve  stem  isn't 
in  place  properly. 
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Don't  let  the  weight  rest  on  a  deflated  tire.  Jack  up  the 
wheel  or  remove  the  tire. 

Don't  run  on  a  flat  tire.  Better  run  on  the  rim  if  only  for  a 
short  distance. 

Don't  overload  your  tires.    A  tire  will  give  out  sooner  from 
overloading  than  from  almost  any  other  cause. 
Don't  allow  oil  and  .grease  to  accumulate  on  garage  floor. 
Don't  use  tires  too  small  for  the  service  required  of  them. 
Don't  neglect  the  lubrication  of  any  part  of  the  car. 

Timely  Hints  for  Good  Service 

Never  start  on  a  trip  without  attention  to  oil,  gasoline  and 
water. 

Always  keep  your  brakes  adjusted.    It  is  more  necessary  to 
be  able  to  stop  the  car  than  to  start  it. 

Don't  neglect  to  keep  your  lamps  filled.    You  may  need  the 
light  badly  some  time. 

The  truck  should  not  be  left  alone  with  the  motor  running. 

Don't  drive  faster  than  the  governor  rating. 

Always  release  the  hand  brake  before  attempting  to  start. 

Do  not  jerk  the  truck  by  quick  opening  of  the  throttle. 

Never  forget,  above  all  else,  that  a  truck  is  a  complete  power 
plant,  and  that  you  will  be  repaid  in  excellence  of  service  many 
times  over  for  the  care  and  attention  given  it.  It  does  not  pay 
to  overload  or  overspeed  your  truck. 

Be  careful  not  to  turn  the  hose  on  the  motor  when  washing 
your  truck;  water  will  short-circuit  the  ignition. 

Do  not  fill  the  radiator  with  cold  water  when  the  motor  is 
very  hot.    It  may  crack  your  cylinders. 

Don't  continue  to  crank  your  engine  if  ignition  does  not  take 
place  after  a  few  revolutions.  There  is  something  wrong  with 
your  ignition  system  or  the  carburetor.  Look  for  the  trouble  and 
correct  it.   Just  turning  over  the  engine  will  not  help  matters. 

Never  allow  connections  on  generator,  battery  or  motor  to 
become  loose.  See  that  all  terminal  nuts  are  pulled  up  tight 
and  remain  so. 

Always  keep  all  parts  of  the  truck  well  lubricated. 

It  is  well  to  give  the  truck  regular  inspection. 

Remember  that  a  "stitch  in  time  saves  nine." 

Don't  try  to  start  without  the  switch  turned  on. 
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Always  use  the  best  grade  of  gasoline,  as  it  is  the  cheapest 
in  the  long  run. 

Don't  forget  to  fill  the  radiator  regularly. 

In  case  you  have  trouble,  don't  begin  by  disassembling  every- 
thing in  sight.  Study  the  symptoms  and  consult  instructions 
given  in  Chapter  XIII. 

See  that  the  water  hose  connections  between  engine  and  radi- 
ator are  straight,  so  as  not  to  restrict  cooling  system. 

When  ordering  repair  parts,  always  give  chassis  number. 

Anti-Skid  and  Traction  Devices. — One  of  the  disadvantages  of 
the  wheel  as  a  traction  device  is  that  it  may  not  secure  sufficient 
grip  when  road  conditions  are  unfavorable  and  not  enough  trac- 
tion is  obtained  to  drive  the  truck.  Various  expedients  have 
been  tried  to  increase  the  traction  of  motor  truck  wheels.  When 
the  roads  are  very  soft  and  the  surface  is  composed  of  sand,  the 
ordinary  wheel  may  not  have  sufficient  gripping  surface  to  carry 
the  load  without  sinking  into  the  soft  road  material.  In  such  a 
case  extension  rims  may  be  provided  which  will  give  a  greater 
supporting  area.  To  obtain  traction  when  roads  are  covered 
with  mud  or  snow  and  prevent  the  wheels  spinning  when  the 
power  is  applied  or  the  entire  truck  skidding  when  the  brakes 
are  used  has  been  a  problem  that  has  called  for  considerable 
ingenuity  on  the  part  of  inventors  for  its  solution.  Special  forms 
of  tires  having  sculptured  treads,  as  previously  described,  have 
been  used  when  of  the  pneumatic  form. 

Two  forms  of  solid  rubber  tires  are  shown  at  Fig.  312  that  are 
intended  to  not  only  provide  superior  traction,  but  also  to  pre- 
vent skidding.  Both  are  Kelly-Springfield  designs.  That  at  A 
is  a  sectional  block  tire  in  which  the  tread  is  formed  in  a  series 
of  removable  blocks  held  in  a  steel  base  instead  of  the  usual 
solid,  endless  band  structure.  In  the  form  shown  at  B  notches 
are  cut  in  the  sides  of  the  tire,  so  as  to  provide  an  irregular 
surface  that  will  have  greater  traction  than  a  smooth  tread  and 
yet  not  ride  "bumpy"  as  sectional  tires  are  apt  to. 

The  Weed  tire  chains  such  as  shown  at  C  are  the  simplest 
and  most  easily  applied  device  to  prevent  skidding  and  to  secure 
greater  traction.  These  consist  of  a  series  of  cross  chains  that 
are  kept  in  place  by  means  of  circumferential  chains  running 
close  to  the  wheel  felloe.  The  chains  are  not  put  on  so  tightly 
that  they  will  stay  in  one  place  and  cut  into  the  tires,  but  are 
installed  loosely  enough  so  that  they  can  change  their  position 
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as  the  wheel  revolves  and  distribute  their  pressure  over  the 
entire  surface  of  the  tread.  It  is  not  always  possible  to  install 
the  chains  of  the  Weed  construction,  so  modifications  have  been 
used  in  which  the  cross  chains  are  secured  to  hooks  which  are 
attached  to  I-bolts  passing  through  the  wheel  felloe  as  at  D, 
or  to  special  clamp  fittings  which  are  attached  to  wooden  spokes 
as  outlined  at  E.  When  steel  wheels  of  the  disc  form  are  used 
special  hooks  are  sometimes  riveted  to  the  disc  near  the  rim,  to 
which  the  chain  ends  may  be  fastened. 


D  E 


Fig   312.— Anti-skid  Devices  for  Truck  Wheels  Assist  in  Securing 

Traction  on  Slippery  Roads. 
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The  non-skid  tread  device  shown  at  Fig.  312,  F,  is  an  English 
design,  and  has  been  devised  for  use  with  twin-tired  motor 
truck  wheels.  It  is  composed  of  a  number  of  separate  dropped 
forge  steel  links  which  may  be  removed  and  renewed  without 
difficulty  as  they  wear.  It  is  intended  to  fit  loosely  in  the  space 
between  the  tires  and  be  free  enough  to  creep  around  the  wheel. 


Fig.  313.— Two  Types  of  Traction  Devices  for  Motor  Truck  Wheels. 

This  reduces  liability  of  damaging  the  tires,  and  also  provides  a 
self-cleaning  feature. 

The  special  application  of  a  Kelly  Springfield  truck  tractor  for 
snow-plowing  purposes,  shown  at  Fig.  313,  depicts  clearly  two 
forms  of  traction  devices.  The  front  wheels  are  equipped  with 
anti-skid  chains  of  the  usual  form  while  the  rear  wheels,  which 
are  shod  with  sectional  block  tires,  are  provided  with  traction 
devices  made  of  forged  steel  bars  held  in  place  by  bolts  passing 
through  the  lower  end  and  under  the  wheel  felloe. 

Extension  Rims  for  Sand. — The  ordinary  solid  rubber  tire 
used  on  motor  trucks  is  a  very  satisfactory  wheel  tread  for  hard 
roads,  but  it  does  not  have  sufficient  area  to  keep  the  wheels 
from  cutting  into  sand  or  soft  soil.  The  device  shown  in  the 
accompanying  illustration  is  a  simple  contrivance  that  can  be 
attached  to  any  truck  wheel  to  prevent  loaded  trucks  from  set- 
tling down  in  soft  roads  or  fields.  If  a  modern  Robinson  Crusoe 
should  suddenly  come  upon  the  tracks  of  a  "sand  grouser" 
equipped  California  orchard  truck  in  the  deep  sands  of  his.  desert 
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island,  he  would  undoubtedly  wrinkle  his  brow  in  perplexity  and 
ask  himself  what  manner  of  machine  this  could  be — for  the 
tracks  would  be  neither  those  of  an  ordinary  truck  nor  yet  of 
a  tractor.    The  deep  impressions  would  have  almost  the  breadth 


Fig.  314. — I.  H.  C.  Truck  Equipped  with  "Sand  Growsers"  to  Increase 

Traction. 


of  tractor  drive  wheels,  bt|t  they  would  be  also  of  two  depths — 
"steps"  on  the  sands  of  progress — and  the  desert  island. 

The  "sand  growser,"  however,  is  now  a  reality  in  the  orange 
proves  of  California.  As  will  be  noted  from  the  illustration,  this 
attachment  consists  of  an  "extension  rim"  on  each  wheel  of  the 
truck.  When  the  wheels  of  the  loaded  vehicle  begin  to  sink  into 
the  loose  sand  or  soft  earth  of  the  orchard,  the  "growsers" 
reinforce  the  tires,  doubling  the  soil  resistance  and  traction  sur- 
face. The  rear  growsers  are  furnished  with  sand  lugs,  to  give 
added  traction  when  the  going  becomes  hard  and  heavy.  The 
"sand  growsers"  clear  the  road  by  several  inches  when  traveling 
on  a  smooth  highway.    Trucks  so  equipped  collect  the  fruit  in 
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the  orchards  (the  truck  in  the  illustration  is  bringing  out  over 
4,000  pounds  of  oranges),  and  later  haul  the  packed  crates  to 
the  city  markets.  Mr.  J.  Reynolds,  a  newspaper  man  and  fruit 
grower  of  La  Verne,  California,  is  the  owner  of  the  "sand- 
growser"  reinforced  truck  shown  on  page  515. 


Fig.  3 14 A. — The  Sewall  Cushion  Wheel  for  Motor  Trucks  Employs  a 
Special  Resilient  Rubber  Filling  between  Felloe  and  Wheel  Carry- 
ing Rim. 
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CHAPTER  X 

SPECIAL  TRUCK  APPLICATIONS  AND  BODY  DESIGNS 

Truck  Loading  Devices — Removable  Rack  Bodies — Utility  of  Winches — 
Drop  Side  Truck  Body — Cranes  for  Loading  and  Unloading — Con- 
veyor Loaders  and  Coal  Pockets — Specifications  Type  "A"  Scoop 
Conveyor — Dumping  Bodies  and  Hoists — Hoist  Construction — Ef- 
ficient Hand  Operated  Hoists — Directions  for  Mounting  Columbian 
Lightning  Hoist — Operation  of  Wood  Hydraulic  Hoist — Pierce- 
Arrow  Hydraulic  Hoist — Suggestions  for  the  Care  of  Hoist — Angle 
of  Slide — Angle  of  Repose — Portable  Cranes  and  Derricks — Fire 
Department  Wrecking  Truck — Motor  Driven  Fire  Apparatus  — 
Tractors  Used  for  Long  Apparatus — Combination  Apparatus — Fire 
Apparatus  Equipment — Motor  Trucks  for  Municipal  Use — Special 
Duty  Motor  Trucks — Combination  Bodies — Motor  Truck  Body  for 
Pipe — Combined  Manure  Spreader  and  Unloader — Special  Carrier 
for  Lumber — Armored  Automobiles — Mobile  Repair  Shops — Utility 
of  Tractors — Trailer  Types — Drawbar  Pull  of  Motor  Trucks — How 
to  Use  Tractive  Force  Chart — Grade  Determination. 

Truck-Loading  Devices. — Whenever  heavy  materials  or  quan- 
tities of  loose  substances  have  to  be  loaded  into  trucks,  it  requires 
considerable  thought  to  devise  means  to  reduce  the  time  required 
for  loading  in  order  that  this  expensive  item  may  be  reduced 
as  low  as  possible.  The  length  of  time  for  loading  certain 
materials  is  often  a  more  serious  factor  than  that  of  unloading, 
and  motor  truck  builders  and  users  are  constantly  trying  to 
reduce  the  time  consumed  in  this  operation.  Inventors  of  new 
devices  to  facilitate  handling  any  of  the  vast  number  of  materials 
hauled  by  trucks  should  be  given  every  encouragement  in  de- 
vising both  loading  and  unloading  means. 

Large  and  bulky  materials,  such  as  baled  hay  and  cotton, 
crates,  barrels,  boxes,  furniture  and  other  freight  of  that  nature, 
is  easily  handled  because  they  may  be  moved  from  the  loading 
platform  directly  to  the  truck  body  and  stowed  away  very  easily 
by  the  driver  and  his  helper  or  by  special  roustabouts  employed 
for  that  purpose.    Where  a  large  variety  of  freight  is  handled 
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that  differs  greatly  in  size  and  weight  of  packages,  such  as  in 
the  express  business  and  in  furniture  moving,  it  is  necessary  to 
place  the  main  reliance  on  manual  labor.  Materials  such  as  coal, 
dirt,  ashes,  gravel,  road  metal  and  similar  substances  that  is 
usually  piled  loosely  at  storage  points,  presents  a  problem  that 
is  solved  by  using  various  types  of  mechanical  wagon  loader 
and  scoop  or  bucket  loaders  moved  by  conveyor  mechanism,  as 


Fig.  315. — Dodge  Bros.  Chassis  with  Screen  Side  Express  Body. 


will  be  described.  Such  mechanical  loading  means  greatly  re- 
duce the  cost  of  loading  a  truck. 

With  a  force  of  several  hand  shovelers  a  certain  amount  of 
work  can  be  completed  in  twenty  minutes.  With  a  mechanical 
loader  and  one  shoveler  who  does  not  have  heavy  lifting  to  do 
hut  merely  to  keep  the  material  piled  so  the  buckets  will  feed 
into  it,  will  do  the  same  amount  of  work  in  one-tenth  the  time. 
It  has  been  estimated  that  the  labor  cost  for  transferring  crushed 
stone  from  the  ground  to  the  motor  truck  body  costs  fifteen  to 
twenty  cents  per  cubic  yard,  if  done  by  manual  labor.  With  a 
mechanical  loader  the  same  work  can  be  accomplished  for  two 
and  a  half  cents  per  cubic  yard.  In  contracting  work  it  is  appar- 
ent that  the  steam  shovel  used  in  excavating  can  dump  its  load 
directly  into  the  truck  body,  as  shown  at  Fig.  317,  which  shows 
a  number  of  Kelley  trucks  working  on  a  big  construction  job. 

Removable  Rack  Bodies. — In  certain  lines  of  business,  such  as 
department  store  delivery,  wholesale  grocer,  or  in  any  industry 
where  a  large  number  of  packages  that  do  not  vary  too  much 
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Fig.  316.— Light  Truck  with  Rack  Sides  Can  Carry  Cattle. 


in  size  are  to  be  handled,  the  removable  rack  system,  such  as 
shown  at  Figs.  318  and  319,  is  an  important  factor  in  reducing 
both  loading  and  unloading  costs.  They  are  especially  valuable 
in  moving  goods  from  a  warehouse  to  retail  stores  or  from  a 
main  station  to  delivery  stations  in  definite  districts  where  lighter 
trucks  or  parcel  cars  do  the  distributing  to  the  individual  con- 
sumer. Such  demountable  racks  are  simply  constructed  and  are 
provided  with  substantial  wheels.    If  heavy  material  is  to  be 


^  317  in  Excavating  Work,  Trucks  May  Be  Loaded  Economically 
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handled,  such  as  brick,  tile,  paving  blocks  or  boxes  of  canned 
goods,  the  rack  is  more  substantial  in  construction  and  is  fitted 
with  wheels  adapted  to  run  on  rails  so  the  loaded  rack  can  be 
easily  moved  from  the  loading  platform  to  the  truck  chassis. 
After  the  rack  is  in  place  it  may  be  held  by  hooked  anchorage 
rods  on  each  side  of  the  chassis,  that  are  provided  with  turn 
buckles,  as  shown  at  Fig.  319.    For  handling  light  goods,  the 


Fig.  318. — Light  Removable  Rack  Body  Suitable  for  Grocery  Store 

Delivery  Purposes. 

i 

rack  may  be  lifted  into  the  body  over  the  lowered  tail  gate. 
Deliveries  of  the  numerous  parcels  that  go  out  of  a  department 
store  are  facilitated  by  using  fiber  containers,  or  large  baskets 
about  four  feet  wide  by  six  feet  long  and  four  feet  in  depth, 
provided  with  wheels  at  the  bottom  so  they  can  be  readily  moved 
from  the  packing-room  to  the  loading  platform,  and  from  that 
point  to  the  truck  body. 

Utility  of  Winches. — If  a  truck  is  intended  for  handling  heavy 
material,  it  is  found  of  great  advantage  to  provide  a  davit  at  the 
side  from  which  a  chain  hoist  is  suspended  so  that  the  heavy 
packages  may  be  easily  lifted  into  the  main  body.  A  number 
of  trucks  designed  for  special  duty  work  are  provided  with 
winches  which  are  mounted  on  the  truck  platform  at  the  front 
end  back  of  the  driver's  seat  or  at  the  rear  of  the  chassis,  as 
shown  at  Fig.  320.    These  are  usually  operated  by  power  take- 
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off  from  the  engine  or  change  speed  gear,  and  are  provided  with 
brakes  conveniently  placed  so  that  they  may  be  readily  con- 
trolled. A  large  number  of  the  military  trucks  used  by  the 
Ordnance  and  Engineering  branches  of  the  army  were  provided 
with  winches,  and  they  are  also  of  material  benefit  in  making 
the  work  of  the  general  contractor  easier.    A  good  example  of 


Fig.  320. — How  Engine-Driven  Winch  is  Installed  in  a  Motor  Truck 

Chassis. 

the  practical  use  of  a  winch  is  when  employed  by  a  piano  or 
safe  mover,  in  which  case  the  truck  engine  not  only  furnishes 
the  power  for  delivering  the  heavy  object,  but  also  unloads  it 
from  the  truck  body  and  raises  it  to  whatever  height  is  desired, 
if  its  destination  is  a  modern  multi-story  apartment  hoirse  or 
business  building. 

Drop  Side  Truck  Body. — A  bale  of  cotton  weighs  500  pounds. 
Hoisting  these  little  packages  over  the  side  of  a  motor  truck  is, 
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therefore,  more  or  less  of  a  back-breaking  task.  The  Georgia 
planters  who  own  the  motor  truck  shown  in  the  illustration  at 
Fig.  321  have  eliminated  an  extra  hoist  and  saved  many  back- 
sprains  by  providing  hinged  sides  for  their  motor  truck.  This 
also  makes  it  possible  to  haul  on  a  flat  bed  heavy  loads  wider 
than  the  ordinary  truck  box,  not  only  saving  the  box  from  dam- 
age, but  greatly  facilitating  loading  and  unloading. 

Cranes  for  Loading  and  Unloading. — Keeping  an  eye  on  the 
cost-per-unit  of  handling  goods  has  resulted  in  the  Wilcox  & 


Fig.  321— Drop  Side  Truck  for  Carrying  Cotton  Bales. 

Gibbs  Sewing  Machine  Co.  devising  labor-  and  time-saving 
methods  that  are  helpful  and  which  might  not  have  been  devel- 
oped if  they,  as  so  many  truck  owners,  watched  only  such  items 
in  haulage  and  delivery  as  the  visible  costs  of  gasoline,  oil  and 
repairs  and  desired  only  to  increase  their  truck  mileage.  This 
firm  operates  from  its  New  York  office  nine  trucks — seven 
Macks,  ranging  from  an  AC  of  5^  tons  down  to  an  AB  two- 
tonner,  one  G.M.C.  of  ^  ton  capacity,  and  a  Locomobile  touring 
car  rebuilt  to  carry  ton.  Variety  enough  to  learn  facts  on 
both  delivery  and  haulage,  for  their  transportation  system  re- 
quires both. 

That  the  Wilcox  &  Gibbs  Sewing  Machine  Co.  appreciates 
speed  is  proven  by  its  product — the  sewing  machine  that  they 
claim  does  the  greatest  amount  of  work  in  the  shortest  time. 
The  experience  gained  in  developing  this  time-saving  machine 
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has  been  applied  to  the  handling  of  their  trucks  and  accounts 
for  the  ingenuity  displayed. 

For  over  half  a  century  Wilcox  &  Gibbs  have  been  making 
sewing  machines  at  Poughkeepsie  and  have  discovered  that  time 
and  labor  could  be  saved  by  having  an  assembly  plant  for  some 
of  their  models  in  New  York  City ;  so,  when  a  few  years  ago 


Fig.  322. — Electrically  Operated  Loading  Crane  for  Warehouse  Use. 


plans  were  laid  for  their  garage  in  New  York,  they  decided  to 
use  the  upper  floors  for  assembly  rooms.  No  time  is  wasted 
by  trucks  going  back  and  forth  from  the  shop  to  the  garage 
morning  and  night.  Parts  are  brought  in  by  trucks  from  the 
freight  terminals  and  in  many  cases  direct  from  the  factory,  88 
miles  away. 

In  connection  with  this  trip  it  is  interesting  to  note  that  as 
there  are  a  number  of  bridges  to  be  crossed  en  route,  the  head- 
room of  the  smallest  being  \0l/2  feet,  the  ceiling  of  the  garage 
was  made  with  the  same  headroom,  so  there  would  be  no  possi- 
bility of  stacking  goods  on  the  trucks  too  high  only  to  have 
them  torn  off  a  few  hours  later  by  a  steel  girder.  No  one  need 
measure  or  worry  about  the  height  of  the  load,  for  when  the 
ceiling  is  reached,  that's  the  limit. 

As  the  trucks  pull  in  and  stop  at  the  elevator  they  are  un- 
loaded by  a  simple  and  ingenious  crane,  shown  at  Fig.  322, 
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which  was  designed  by  F.  L.  Mitchell,  who  is  in  charge  of  the 
truck  transportation  work  for  the  company.  The  crane  is  oper- 
ated by  one  man  and  easily  and  quickly  lifts  loads  up  to  1,500 
pounds.  The  power  is  derived  from  an  electric  motor  of  3  horse- 
power, and  the  arm  moves  in  an  arc  which  swings  directly  from 
the  center  of  the  truck  to  the  platform  before  the  elevator.  In 
this  way  the  crane  is  unloading  the  goods  in  the  proper  place 
as  the  elevator  is  making  its  trips.    It  does  the  work  of  four 


Pig.  323. — Small  Hand  Operated  Crane  Attached  to  Truck  Facilitates 

Loading  and  Unloading  Heavy  Objects. 


men  in  one-quarter  of  the  time  and  does  away  with  the  use  of 
*kids,  rollers,  bars,  and  the  usual  paraphernalia  employed  in  the 
loading  and  unloading  of  heavy  articles  from  trucks.  Here  every 
morning  the  trucks  that  get  their  deliveries  for  the  day  from 
this  depot  load  and  get  out  on  time. 

So  useful  has  this  crane  proven  that  Mr.  Mitchell  has  de- 
signed a  smaller  one,  for  use  on  the  truck  itself,  capable  of  lifting 
from  1,200  to  1,400  pounds,  for  service  wherever  the  truck  might 
have  use  for  it.  This,  as  shown  in  the  illustration  at  Fig.  323, 
is  mounted  on  the  side  of  the  body  where  it  can  be  swung  back 
out  of  the  way  when  not  in  use  without  taking  up  any  of  the 
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valuable  space  of  the  truck  platform.  Its  position  near  the  tail 
board  enables  it  to  lift  a  load  from  any  position  within  rang' 
of  the  radius  of  the  arm  and  place  it  well  forward  on  the  truck 
Tests  have  proven  that  a  truck  can  be  loaded  with  drums  of  oil 
weighing  about  400  pounds  by  one  man  more  rapidly  than  twi 
men  could  load  it  by  rolling  the  drums  up  on  skids,  which  is  the 
usual  method,  and  it  is  conceded  that  drums  and  barrels,  because 
their  shape  permits  rolling,  are  more  easily  handled  than  the 
usual  crate  or  box,  and  so.  in  the  handling  of  the  latter,  even  a 
greater  percentage  of  time  must  be  saved. 

At  first  glance  it  might  seem  to  be  an  advantage  to  have  this 
crane  power  driven,  but  hand  labor  in  this  case  is  actually  an 
advantage,  in  addition  to  being  cheaper  both  as  to  first  cost, 
installation  and  upkeep.    This  crane  is  a  one-man  crane.  From 
the  position  of  the  handle  the  operator  can  see  where  he  is  aV 
positing  his  load  and  when  he  has  reached  the  ground,  which  in- 
essential in  the  case  of  fragile  goods.    In  the  case  of  a  power- 
driven  crane  it  would  be  necessary  for  him  to  make  several  trip 
to  the  starting  lever  at  the  driver's  seat,  for  the  cost  of  running 
the  controls  back  to  the  tail  and  the  subsequent  upkeep  would 
make  it  impractical.    Really,  to  be  used  efficiently,  a  power 
driven  crane  requires  two  men — one  to  work  the  controls  and 
the  other  to  place  the  load.    With  this  crane,  however,  one  man 
is  all  that  is  needed.    It  has  been  found  that  a  pair  of  grappl 
hooks  will  hold  a  load  of  almost  any  shape  or  size,  and  only  very 
heavy  loads  require  the  use  of  a  sling. 

The  heavy  duty  trucks  are  used  for  hauling  material  to  and 
from  the  factory  and  in  assisting  the  two-tonners  to  handle  the 
freight  to  and  from  the  freight  terminals.  The  smaller  trucks 
of  H-ton  capacity,  and  sometimes  the  two-ton  trucks,  are  used 
in  making  deliveries  to  purchasers  in  homes  and  factories  in  the 
city  and  adjacent  suburbs.  A  careful  eye  is  kept  on  the  running 
of  the  trucks,  and  they  are  maintained  to  give  their  utmost  per-: 
formance  at  all  times.  The  policy  of  "run  her  as  long  as  shell 
run"  is  not  favored  here,  for  it  is  realized  that  prevention  is 
cheaper  than  cure.  It  has  been  found  that  one  man — a  good 
one.  of  course,  that  knows  his  job — is  all  that  is  needed  to  kee 
the  fleet  in  perfect  running  condition. 

Conveyor  Loaders  and  Pockets. — There  are  certain  materia 
that  can  very  easily  be  handled  by  portable  wagon  loaders  whi 
eliminate  a  great  amount  of  hand  shoveling.    A  variety  of  th 
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devices  used  in  the  coal  industry  are  shown  at  Fig.  324.  At  A, 
the  portable  wagon  loader  is  shown.  This  consists  of  a  bucket 
conveyor  which  lifts  the  coal  or  similar  material  to  a  chute 
at  the  top  which  directs  it  into  the  truck  body.  The  material 
is  unloaded  from  hopper  bottom  or  bottom  dump  gondola  cars 
and  is  picked  up  from  the  pile  by  the  bucket  conveyor.  This  is 
mounted  on  wheels  so  it  can  be  easily  moved  about  and  also 
carries  its  source  of  power,  which  may  be  either  an  electric 
motor  or  a  gasoline  engine  on  the  same  frame.  Another  form 
of  scoop  conveyor  which  may  be  used  for  unloading  a  car  is 
shown  at  B.  In  this  the  material  is  lifted  into  a  hopper  bottom 
steel  bin  of  large  capacity  which  is  carried  high  enough  on  a 
trestle  work  so  the  motor  truck  can  be  driven  under  it  to  be 
loaded. 

The  construction  at  C  shows  the.  conventional  fprm  of  coal 
pocket,  in  which  a  bucket  conveyor,  in  connection  with  a  hori- 
zontal conveyor,  will  lift  the  coal  from  the  pit  in  which  it  is 
discharged  from  the  bottom  dump  gondola  car  to  whatever 
compartment  is  desired.  As  many  compartments  are  provided 
as  there  are  materials  to  be  stored  and,  while  those  outlined  are 
for  different  grades  of  coal,  it  is  apparent  that  gravel  road  metal, 
or  any  other  material  of  that  nature,  could  be  disposed  of  in  the 
same  manner.  Driveways  are  provided  under  the  storage  com- 
partment in  which  the  trucks  are  driven.  The  material  is  loaded 
into  the  truck  body  by  suitable  chutes  having  control  gates 
to  regulate  the  flow  of  material. 

Specifications  Type  "A"  Scoop  Conveyor. — Both  the  12-inch 
and  16-inch  sizes,  with  either  high  flighted  or  low  cleated  belt, 
will  carry  one  ton  per  minute  of  material  weighing  fifty  pounds 
per  cubic  foot,  providing  the  trough  is  kept  even  full.  The  belt 
on  the  16-inch  size  travels  at  a  slower  speed  because  it  is  in- 
tended only  for  handling  larger  size  pieces  than  can  be  safely 
handled  on  the  12-inch  size.  For  handling  material  containing 
cubes  measuring  over  nine  inches,  the  makers,  the  Portable  Ma- 
chinery Co.,  Inc.,  Passaic,  N.  J.,  recommend  the  16-inch  size. 

In  feeding  the  scoop  conveyor  from  the  storage  pile,  one  man 
can  feed  one  ton  of  material  that  will  pass  a  one-inch  ring  in 
one  and  one-half  minutes,  providing  the  storage  pile  is  eight 
feet  or  over  in  height.  If  the  material  is  large  in  size  or  the 
storage  pile  is  low,  it  will  require  several  men  to  feed  the  ma- 
chine to  its  full  capacity. 
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Under  ordinary  conditions,  the  cost  of  electric  current  to 
operate  motors  fitted  to  the  various  size  scoop  conveyors  is  from 
four  to  six  cents  per  hour.  If  operated  by  gasoline  engine,  it 
requires  from  two  to  four  gallons  per  ten  hours'  continuous 
operation.  The  conveying  belt  which  is  furnished  with  the  scoop 
conveyor  is  of  high  grade  four-ply  heavy  duck  and  rubber  con- 


Fig.  325. — Portable  Conveyor  for  Loading  Motor  Trucks. 


struction,  fitted  with  either  high  arched  rubber  and  duck  carry- 
ing flights  or  low  cross  cleats,  depending  on  the  kind  of  material 
to  be  conveyed.  The  belt  travels  at  a  speed  of  about  170  feet 
per  minute. 

The  manufacturers  guarantee  that  the  scoop  conveyor  repair 
costs  through  wear,  including  conveying  belt  renewals,  will  not 
be  over  one  and  one-half  cents  per  ton  of  material  handled  when 
conveying  coal,  coke,  ashes,  sand,  crushed  stone  or  similar  ma- 
terial. The  object  of  the  scoop  conveyor  is  to  provide  a  machine 
that  is  convenient  to  use.  Its  first  cost  is  low ;  it  is  easy  to  move 
and  feed.  It  has  a  wide  range  of  applications.  The  scoop  con- 
veyor is  a  light  weight  portable  belt  conveyor  designed  to  be 
handled  by  one  man  and  to  assist  the  hand  shoveler  in  moving 
materials  such  as  noted  in  the  above  illustrations. 

The  receiving  or  feed  end  of  both  the  High-Flight  and  Low- 
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Cleat  belt  machines  can  be  completely  buried  into  the  material 
to  be  conveyed.  This  allows  scraping  the  material  onto  the 
carrying  belt,  instead  of  lifting  it  by  shovelfuls  into  receiving 
hoppers  fitted  to  ordinary  portable  belt  conveyors,  and  saves 
50  per  cent  of  the  labor  in  feeding. 

The  high-flight  belt  type  shown  at  Fig.  325,  A,  is  intended 
only  to  handle  rounds  and  cubes  that  are  not  mixed  with  at 
least  50  per  cent  of  fines,  such  as  gravel  without  sand  or  egg. 
stove  and  R.O.M.  coal  without  fines.  It  will  also  handle  fruit 
or  vegetables  without  cutting,  chafing  or  bruising  them  while 
they  are  being  conveyed. 


I2,,x?0'5iic 
Scoop  Conveyor  f itted  with 
High-Flight  Carrying  Belt 
and  Screen  Attachment. 
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Fig.  326.— Features  of  the  Portable  Conveyor  for  Loading  Motor  Trucks 

Economically. 
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Fig.  327. — A  Shows  Haiss  Motor  Truck  Loader  in  Use.  .The  Illustra- 
tion at  B  Depicts  Steel  Dump  Body  Well  Adapted  for  Use  in  Han- 
dling Coal  and  Similar  Materials. 


The  low  cleat  belt  form  depicted  at  Fig.  325.  B,  will  handle 
large  oblong  pieces  or  flats  with  or  without  a  mixture  of  fines. 
It  will  also  handle  large  rounds  and  cubes,  providing  they  are 
mixed  with  at  least  50  per  cent  of  fines.  "Fines"  are  pieces 
under  one  inch  in  size  and  keep  rounds  and  cubes  from  rolling 
backward. 
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The  skirt  plates  on  a  12-inch  wide  scoop  conveyor  form  a 
trough,  giving  the  belt  a  carrying  capacity  equal  to  a  20-inch 
wide  troughed  belt.  The  material  carried  in  the  narrow  trough 
of  the  scoop  conveyor,  being  held  together  by  the  skirt  plates, 
will  not  roll  back  as  easily  as  it  does  on  a  troughbed  belt,  where 
it  is  allowed  to  spread.  (See  Fig.  326,  B.)  It  requires  a  30-foot 
long  troughbed  belt  conveyor  to  safely  carry  a  given  material 
as  high  as  a  24-foot  long  scoop  conveyor  will  carry  it.  Two 
new  12-inch  x  24-inch  scoop  conveyor  belts  can  be  purchased 
for  the  price  of  one  20-inch  x  30-inch  troughbed  conveyor  belt, 
cutting  cost  of  belt  renewals  in  two. 

Inclined  portable  belt  conveyors  over  24  feet  long  become 
difficult  to  handle  and  keep  adjusted.  If  it  is  necessary  to  move 
material  a  greater  distance,  we  recommend  using  two  conveyors, 
each  with  its  independent  drive.  This  allows  swinging  the  sec- 
ond conveyor  around  at  various  angles  without  interfering  with 
the  discharge  end  of  the  first  conveyor  or  vice  versa,  as  is  clearly 
shown  at  Fig.  326,  C. 

Dumping  Bodies  and  Hoists. — Many  forms  of  dumping  bodies 
have  been  designed  to  permit  of  rapid  unloading,  and  these  are 
used  to  a  large  extent  by  contractors  and  also  by  dealers  in  coal 
and  other  fuels.  Dumping  bodies  are  made  in  infinite  variety 
and  different  constructions,  according  to  the  nature  of  the  ma- 
terials carried.  Some  dump  from  the  sides,  others  are  a  tilting 
type  in  which  the  load  is  discharged  to  one  side ;  forms  adapted 
for  use  with  trailers  are  bottom  dump  in  a  number  of  cases. 
Obviously,  the  bottom  discharge  construction  would  not  be  as 
practical  on  a  motor  truck  chassis  as  on  a  trailer  because  of  the 
parts  of  the  mechanism  that  are  carried  beneath  the  bodv.  The 
usual  form  of  a  dumping  body,  such  as  shown  at  Fig.  327,  dis- 
charges through  a  tail-gate  at  the  back  end  or  it  may  have  a 
hopper-like  back  which  makes  it  unnecessary  to  use  a  tail-gate. 
Some  bodies  are  dumped  automatically  without  elevating  the 
front  end  because  the  material  is  carried  by  a  slanting  or  angu- 
lar bottom,  but  most  dumping  bodies  must  be  raised  at  the  front 
in  order  to  give  the  body  sufficient  angular  displacement  so  the 
material  will  slide  out  by  gravity. 

Some  forms  of  body  used  in  the  coal  industry  are  of  the  auto- 
matic dumping  type,  as  shown  at  Fig.  328,  A,  but  combine  an 
elevating  feature  so  the  load  may  be  raised  six  or  eight  feet 
higher  than  the  chassis,  as  outlined  at  Fig.  328,  B,  and  a  greater 
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Fig.  328. — Mack  Truck  Equipped  with  Elevating  Gravity  Discharge 

Coal  Body. 

gravity  head  obtained  so  that  the  coal  may  be  discharged  down 
a  lon#  chute  over  a  sidewalk  and  into  a  basement  window  or 
coal  hole  even  if  the  truck  remains  close  to  the  curb.    The  c<>m- 
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bined  elevating  and  dumping  bodies  usually  have  a  side  dis- 
charge located  at  the  bottom  to  which  the  chute  may  be  easily 
attached. 

In  handling  certain  materials,  such  as  coal  of  different  grade 
or  road-building  material,  the  dumping  body  may  be  divided 


Fig.  329. — Two  Forms  of  Hoisting  Mechanism  Used  on  Autocar  Trucks. 
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into  compartments  so  only  the  contents  of  one  compartment  may 
be  discharged,  if  desired.  This  is  very  useful  in  the  retail  coal 
trade  where  a  five-ton  capacity  chassis  is  used  for  delivering 
small  quantities.  It  may  be  divided  into  five  compartments,  each 
holding  one  ton,  so  that  five  customers  wanting  but  one  ton  each 
of  a  given  grade  or  a  customer  wanting  several  grades  could  be 
served  on  one  trip.  This  is  also  an  advantage  in  the  contracting 
industry,  as  one  compartment* may  be  filled  with  gravel,  another 
with  coarse  road  metal,  and  a  third  with  finer  top  dressing.  If 


Fig.  330.— Clark  Truck-Tractor  Fitted  with  Simple  Dump  Body  for  Con- 
tractor's Use. 


only  a  small  section  of  road  was  to  be  repaired  it  is  evident  that 
sufficient  material  could  be  hauled  on  one  trip  if  a  compartment 
body  was  used. 

Hoist  Construction. — The  hoisting  mechanisms  arc  of  two 
forms:  those  in  which  the  gearing  and  lifting  mechanism  an* 
turned  by  a  hand  crank  and  the  other  type  in  which  the  engine 
power  is  utilized  to  do  the  work,  either  through  the  medium  of 
a  hydraulic  hoist,  as  at  Fig.  328,  or  by  screw  gearing,  as  shown 
at  Fig.  329,  A.  Hydraulic  hoists  are  generally  favored  because 
they  are  simple  in  construction  and  very  powerful.  The  con- 
struction of  the  Wood  hvdraulic  hoist  is  shown  at  Fig.  331. 
This  is  usually  installed  between  the  driver's  seat  and  the  front 
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end  of  the  body.  The  main  portion  of  the  hoist  is  a  hydraulic 
cylinder  in  which  a  piston  moves,  the  construction  being  very 
similar  to  that  of  a  plunger  elevator.  The  surface  of  the  piston 
rests  on  a  quantity  of  oil  which  is  pumped  under  it  by  means  of 
a  rotary  gear  pump.  By  having  the  entire  cylinder  barrel  filled 
with  oil,  it  will  be  evident  that  if  a  valve  is  turned  so  the  pump 
takes  the  oil  from  the  top  of  the  piston  and  directs  it  to  the  space 
below  the  piston  that  that  member  will  be  raised.  A  reverse 
action  will  cause  the  piston  to  descend  in  the  cylinder.  The 
rotary  gear  pump,  as  will  be  evident  from  the  accompanying  illus- 
tration, is  driven  by  chain  and  sprocket  mechanism  from  some 


Hoist 
Plunger^ 


^Operating 
'*  Levers " 


Hoist 
'Cylinder 


Fig.  331. — Diagrams  Showing  Construction  of  Wood  Hydraulic  Hoist. 
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part  of  the  power  transmission  system.  The  plunger  carries  a 
beam  to  which  sheaves  are  attached.  A  wire  rope  anchored  t<> 
the  chassis  frame  at  one  end  passes  over  each  pulley  and  is  con- 


Pig.  332. — Power  Operated  Hoist  in  which  Mechanical  Gearing  and 

Levers  are  Used  to  Raise  Body. 
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nected  at  the  lower  end  to  a  lifting  arm  fastened  to  the  front 
end  of  the  body.  The  construction  is  such  that  the  piston  move- 
ment is  multiplied  in  some  forms  and  the  plunger  need  only  lift 


'cdyinNormul 
Post  tton  on  Chas  >•'.. 


Fig.  333. — Mack  Truck  with  Hydraulic  Hoist  Operated  Dump  Body. 

half  as  high  as  the  body.  In  other  forms  the  plunger  must  travel 
as  much  as  the  body  does. 

Truck  With  Gear  Hoist. — The  illustration  at  Fig.  332  shows 
a  Rrockway  3j^-ton  contractor's  steel  body,  with  gear  power 
dump,  the  gear  hoist  being  illustrated  in  Fig.  333.  showing  power 
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head  bolted  to  transmission  gear  case  connected  with  miter  gear 
bolted  to  cross  member  of  sub-frame  and  connected  with  a  double 
universal  jointed  shaft.  From  the  miter  gear  a  universal  jointed 
shaft  extends  to  the  train  of  gears  mounted  on  the  side  of  the 
sub-frame  which  winds  a  chain  on  the  rear  cross  shaft,  thereby 


Fig.  334A. — Diagram  Showing  Details  of  the  Columbian  Lightning  Hoist. 


raising  the  arm  which  elevates  the  body.  The  gears  are  cut 
and  run  in  ample  size  bronze  bushings.  By  mounting  the  gear 
hoist  under  the  body  where  it  is  entirely  out  of  the  way,  while 
at  the  same  time  most  accessible,  it  permits  the  body  to  come 
up  directly  back  of  the  driver's  seat,  giving  better  balance  to 
the  load,  while  at  the  same  time  it  allows  the  chassis  to  be  close 
coupled,  so  that  the  wheel  base  is  only  120  inches,  thereby  giv- 
ing greater  strength  and  short  turning  radius.  The  steel  body 
is  constructed  of  %c-inch  stock  and  has  a  capacity  level  full  of 
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three  cubic  yards,  while  the  flare  sides  arc  equipped  with  slots 
in  which  to  attach  side  boards,  for  hauling  cinders,  ashes,  or 
other  light,  bulky  materials. 

Efficient  Hand  Operated  Hoist. — The  principal  objection  to 
hand  operated  hoists  is  the  uncertainty  of  practical  operation  by 


Fig.  334B. — The  Columbian  Lightning  Hoist  is  Hand  Operated  and 

Simple  in  Construction. 
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tie  man.  This  is  overcome  in  the  Columbian  Lightning  Hoist, 
vhich  is  manufactured  by  the  Columbian  Steel  Tank  Co.,  Kan- 
as  City,  Mo.  The  hoist  is  so  constructed  that  it  will  fit  any 
:hassis  and  can  be  mounted  in  a  few  minutes  without  drilling 
loles  in  the  frame.  The  dimensions  are  shown  in  design  draw- 
ng  at  Fig.  334,  A.  which  also  outlines  the  multiplying  gearing, 
it  operates  easily  and  elevates  loads  from  one  to  five  tons  with 
nit  one  man  at  the  crank.  The  hoist  will  raise  the  dump  bed  to 
in  incline  of  from  30  to  50  degrees  in  approximately  two  minutes. 

The  motion  is  obtained  by  a  crank  on  the  outside  of  the  hoist 
rame,  operated  by  man  power.  The  shaft  on  which  the  crank 
its  is  provided  with  a  ratchet  and  safety  pawl,  these  close  to 
he  hoist  frame  on  the  outside  surface.  On  the  inside  end  of 
he  shaft  is  fastened  a  bevel  pinion  which  meshes  with  a  large 
>evel  gear.  On  the  shaft  which  carries  this  bevel  gear  is  at- 
ached  a  spur  pinion,  which  drives  the  hoisting  drum  gear. 

It  will  be  noticed  from  the  illustration  at  Fig.  334,  B,  that  the 
mist  is  neat  in  appearance,  having  plain  lines,  and  the  gears  are 
concealed  so  that  there  is  no  danger  to  the  man  operating  it. 
rhe  overlapping  coils  of  rope  on  the  drum  are  designed  to  pro- 
luce  a  rapid  lifting  speed  with  a  uniform  effort  at  the  crank. 

the  rope  coils  in  layers  upon  the  drum,  the  diameter  becom- 
ng  larger,  the  hoist  develops  more  speed  and  the  load  is  raised 
aster  with  no  extra  effort  on  the  part  of  the  operator.  The 
loist  is  set  on  the  chassis  frame  and  attached  with  heavy  sliding 
U  bolts,  which  hold  it  in  a  rigid,  upright  position.  The  hoist 
s  shown  installed  at  Fig.  336,  A  and  B. 

The  frame  of  the  hoist  is  made  of  steel  plate,  the  various  sec- 
ions  being  held  together  with  bolts.  The  large  gear  and  drum 
ire  cast  in  one  piece.  The  pinion  is  made  of  bronze.  The  height 
>ver  all  of  the  hoist  is  66  inches,  length  S0l/2  inches  and  width 
tj/i  to  11  inches,  which  includes  the  swing  of  the  steel  cables 
ised  for  hoisting. 

Directions  for  Mounting  Columbian  Lightning  Hoist. — First: 
Hie  hoist  must  be  mounted  within  one-quarter  inch  of  the  lift- 
urns  on  the  bed,  as  shown  in  Fig.  336,  B.  This  gives  as  near 
is  possible  a  perpendicular  pull  on  the  cables.  THIS  IS  THE 
HOST  IMPORTANT  POINT  IN  MOUNTING  THE  HOIST. 

Second :  The  hoist  should  be  mounted  on  the  truck  as  close 
o  the  back  of  the  seat  or  cab  as  possible,  but  this  is  not  abso- 
ately  necessary,  as  the  hoist  can  be  mounted  anywhere  on  the 
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frame  as  long  as  it  is  against  the  lift-arms  on  the  bed.  This 
means,  then,  that  the  bed  must  be  hinged  as  far  to  the  front 
as  it  can  be  placed.  The  best  method  is  to  mount  the  bed  hinges 
at  the  rear  spring  clips  on  the  truck,  cutting  off  the  chassis  frame 
at  this  point  and  moving  forward  and  re-attaching  the  end  mem- 
ber of  the  chassis  frame  as  shown  in  Fig.  335,  D.  The  center 
of  the  bed  should  not  be  less  than  six  inches  forward  of  the 
center  of  the  rear  wheels  to  put  the  right  proportion  of  the  load 
on  the  rear  axle.  In  some  cases  it  may  be  found  that  there  is 
interference  to  the  lift-arms  by  the  location  of  cross-beams  and 
rods.  In  these  cases  it  will  be  necessary  to  mount  the  hoist 
where  there  will  be  clearance  for  the  lift-arms  and  cables. 

Third  :  The  lift-arms  must  be  bent  to  the  curve  made  by  the 
end  of  the  body  in  rising.  Fig.  335.  C,  shows  the  method  of 
finding  the  radius  of  the  curve.  This  can  be  easily  drawn  on 
the  floor  to  actual  size,  and  by  placing  the  arms  on  the  curve 
it  can  be  seen  if  they  must  be  bent.  The  arms  are  furnished 
curved  and  in  many  cases  will  be  found  suitable.  It  would  not 
matter  if  they  were  bent  from  one-half  inch  to  one  inch  past  the 
curve. 

Fourth:  The  lift-arms  must  be  placed  on  the  bed  so  that  they 
will  be  in  the  line  with  the  sheave  wheels  at  the  top  of  the  hoist, 
as  shown  in  Fig.  335.  A.  One  inch  out  of  line,  either  in  or  out, 
would  not  make  any  difference. 

Fifth:  The  lift-arms  must  be  absolutely  rigid.  The  end  of 
the  bed  where  the  arms  are  attached  must  be  strong  enough  so 
that  the  arms  will  not  spring  out  when  raising  a  load,  and  drag 
against  the  hoist.  If  this  should  occur  the  lift-arms  can  be  made 
rigid  by  attaching  additional  braces  connecting  from  them  to 
the  sills  under  the  bed  or  against  the  bottom  of  the  bed. 

Sixth :  The  lift-arms  should  be  placed  on  the  bed  with  as 
much  extension  underneath  as  possible ;  in  fact,  they  should 
have  the  same  clearance  from  the  ground  as  the  lowest  point  of 
clearance  on  the  truck. 

Seventh:  The  cables  must  be  attached  to  the  lift-arms  as 
shown  at  Fig.  335,  B.  An  equal  tension  must  be  obtained  on 
both  cables.  In  attaching,  tighten  the  clamps  only  enough  to 
hold  the  cables.  Then  make  the  cables  taut  by  operating  the 
hoist  slightly  and  allow  the  cable  that  may  be  taut  to  slip  until 
the  tension  is  equal  on  both.     Then  tighten  securely.  The 
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clamps  for  the  cable  are  placed  on  the  arms  with  the  nuts  on 
the  outside. 

Operation  of  Wood  Hydraulic  Hoist. — Fig.  337  shows  the 
various  parts  of  the  hoist  mechanism,  which  is  essentially  iden- 
tical in  construction  and  operation  with  an  hydraulic  elevator, 


Figs.  336A  and  B. — How  Columbian  Lightning  Hoist  is  Installed 

Between  Cab  and  Dumping  Body. 


as  applied  to  the  F.  W.  D.  truck.  An  oil  pump  at  the  base  of  the 
hoist  draws  oil  from  the  top  of  the  cylinder  and  forces  it  into 
the  lower  part,  raising  the  piston,  which  in  turn  raises  the  body 
by  means  of  cables  running  over  sheave  wheels.  The  oil  pipe  4 
which  supplies  the  oil  pump  5  is  tapped  in  the  cylinder  3  to  pro- 
vide an  automatic  stop  for  the  piston. 
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Operating  Instructions. — Fill  the  hoist  cylinder  to  within  one 
and  one-half  inches  of  the  top  through  filling  plug,  Fig.  337, 
with  ice  machine  oil.  Be  careful  to  strain  the  oil  before  filling, 
as  grit  and  other  foreign  matter  will  injure  the  oil  pump. 

To  Elevate  Body. — Have  engine  running  slowly  and  disengage 
engine  clutch,  moving  clutch  lever,  Fig.  338,  to  "In"  position. 


Fig.  337. — How  Wood  Hydraulic  Hoist  is  Installed  on  F.  W.  D.  Truck. 
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Engage  clutch  and  speed  up  the  engine  slightly.  Move  hoist 
control  lever,  Fig.  338,  to  "Raise"  position,  and  piston  will 
elevate  the  body. 

To  Hold  Body. — When  piston  has  reached  the  desired  lift, 
move  the  control  lever  quickly  to  "Hold"  position,  as  shown, 
especially  when  body  is  to  be  held  in  that  position  for  some 
time  or  truck  is  to  be  moved  with  the  body  raised. 

To  Lower  Body.— Move  the  control  lever  to  the  "Lower"  po- 
sition, Fig.  338.  When  body  has  reached  the  frame  sills  and 
cables  are  slack,  move  the  control  lever  to  the  "Hold"  position. 


RAItC 


Fig.  338.— How  to  Operate  the  Wood  Hydraulic  Hoist. 

Suggestions. — See  that  hoist  clutch  engages  completely.  Lu- 
bricate the  hoist  clutch  shaft  and  sleeve  wheels  frequently  with 
engine  oil.  Wash  the  chains  and  sprockets  frequently  with  gaso- 
line and  lubricate  with  transmission  oil  "B."  Never  engage 
hoist  clutch  without  first  disengaging  engine  clutch.  Keep  oil 
line  and  connections  tight  to  prevent  leakage  of  oil  and  intro- 
duction of  air  into  the  system,  which  will  cause  foaming  at  the 
filling  plug  vent.  Keep  cylinder  stuffing  bojc  tight,  jff  the  body 
is  to  be  lowered  with  its  load,  do  not  allqw  it  to  descend  too 
quickly.  Grease  the  cables  with  graphite  compound  to  prevent 
rusting. 

Pierce-Arrow  Hydraulic  Hoist. — The  following  instructions 
apply  only  to  trucks  equipped  with  the  Pierce-Arrow  hydraulic 
hoist. 

The  hoisting  arrangement  consists  of: 

1.  The  rotary  spur  gear  oil  pump. 

2.  Seamless  steel  cylinder. 
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3.  Piston  and  rod  with  sheave  wheels. 

4.  Control  mechanism. 

The  operation  of  this  hoist  is  similar  in  action  to  that  previ- 
ously explained.  The  cylinder  acts  as  the  oil  reservoir  and  in 
hoisting  the  pump  draws  oil  from  the  top  part  of  the  cylinder 
and  forces  it  into  the  lower  part,  thereby  elevating  the  piston, 
which  in  turn  lifts  the  body.  When  the  body  is  fully  elevated, 
three  small  poppet  valves  located  in  the  piston  come  in  contact 


Fig.  339. — Diagram  Showing  Construction  and  Control  of  Pierce-Arrow 
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with  a  striker  plate  and  cause  the  oil  to  hy-pass  automatically, 
stopping  the  body. 

Fill  hoist  through  filling  plug,  Fig.  339,  within  one-half  inch 
of  top  with  a  good  ice  machine  oil.  It  will  hold  about  four 
gallons.  In  very  hot  weather,  this  oil  may  be  a  little  too  light 
and  it  may  be  necessary  to  use  a  medium  engine  cylinder  oil. 
Take  every  precaution  to  see  that  oil  is  clean,  as  the  smallest 
quantity  of  grit  or  dirt  will  seriously  injure  the  pump.  It  i? 
well  to  strain  the  oil  through  cheese  cloth. 

To  Elevate  Body. — Have  the  engine  running;  then  take  seat 
in  truck  after  noting  that  the  control  lever  is  in  the  "hold" 
or  horizontal  position,  Fig.  339.  Then  slow  down  the  engine 
and  depress  the  clutch  to  facilitate  engagement  of  oil  pump, 
drawing  up  jaw  clutch  handle  until  it  remains  up.  The  same 
operation  releases  body  hooks.  Then  accelerate  the  engine 
slightly  and  move  the  control  lever  quickly  to  the  "up"  position, 
when  the  body  will  start  to  elevate. 

To  Hold  Body. — If  it  is  desired  to  hold  the  body  up  for  any 
length  of  time,  or  to  move  the  truck  with  the  body  elevated, 
move  the  control  lever  to  the  "hold"  position.  Caution  should 
be  exercised  in  maneuvering  truck  with  body  elevated  not  I 
start  quickly  or  jerk  it  unnecessarily. 

To  Lower  Body. — Move  the  control  lever  to  the  "down"  po 
sition,  Fig.  339,  and  after  the  body  is  down  on  the  frame  sill? 
release  the  jaw  clutch  and  move  the  control  lever  to  the  "hold" 
position. 

Suggestions  for  the  Care  of  Hoist. — 1.  Oil  level  should  be 
one-half  inch  from  top  of  hoist  when  the  body  is  down.  2.  Keej> 
stuffing  box  on  pump  adjusted  so  that  the  oil  cannot  leak  out. 
3.  Always  have  the  by-pass  handle  in  the  "hold"  or  horizontal 
position  when  engaging  jaw  clutch.  4.  To  engage  jaw  clutch 
(  which  connects  the  oil  pump  with  transmission)  depress  clutch 
pedal  enough  so  that  when  drawing  up  on  jaw  clutch  handle  the 
jaws  will  be  properly  meshed,  i.e.,  fully  engaged  when  the  jaw 
clutch  handle  is  up.  5.  The  jaw  clutch  must  be  properly  ad- 
justed at  all  times  to  insure  correct  operation.  6.  If  the  oil  in 
the  hoist  had  a  tendency  to  foam  and  overflow  through  the  till- 
ing plug  vent  hole,  it  is  caused  by  a  leak  in  the  pipe  or  connec- 
tions over  the  oil  pump,  thereby  permitting  air  to  be  drawn  in 
and  churned  up  with  the  oil.  7.  If  it  is  desired  to  lower  the  body 
before  all  the  load  is  discharged,  care  must  be  taken  not  to  let 
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the  body  descend  too  quickly.  8.  Oil  all  moving  parts  of  the 
hoist  as  well  as  the  body  hinges  and  tail-gate,  and  also  apply 
grease  to  the  cables  to  prevent  rusting. 

Angle  of  Slide. — An  important  consideration  in  the  designing 
of  dumping  bodies  is  the  angle  of  slide  which  means  the  mini- 
mum angle  with  the  horizontal  that  material  will  move  by  its 
own  weight  or  gravity  attraction.  The  angle  will  vary  with 
the  nature  of  the  material  and  the  body  construction,  also  the 


Fig.  340.— Mack  A.  C.  Truck  Fitted  with  Special  Derrick. 


condition  of  the  material.  As  will  be  seen  by  table  below,  the 
angle  of  slide  for  moist  ashes  is  36  degrees,  because  ashes  in  that 
condition  hold  together  better  than  dry  ashes,  which  will  begin 
to  slide  at  33  degrees.  Wet  ashes  will  slide  at  30  degrees,  be- 
cause the  water  acts  as  a  lubricant  to  make  the  movement  easier. 
An  angle  of  inclination  of  45  degrees  will  be  sufficient  for  dump- 
ing almost  any  of  the  materials  ordinarily  handled  in  dump 
trucks. 

Angle  of  Repose. — When  material  in  the  form  of  fine  particles 
or  small  pieces  is  piled,  there  is  a  certain  angle  with  the  hori- 
zontal that  cannot  be  exceeded  because  the  material  will  slide 
down  if  that  angle  is  exceeded.    This  also  varies  with  the  char- 
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acter  of  material  and  will  vary  from  25  to  40  degrees  for  sub- 
stances usually  stored  in  piles. 

ANGLES  OF  SLIDE  OF  VARIOUS  MATERIALS 

Angle  of  Angle  <>f 

Slide  in  Slide  in 

Name  uf  Material  Degree*       Name  of  Material  Degree* 

Ashes,  dry    33  Earth,  loose    28 

Ashes,  moist    36  Earth,  packed    50 

Ashes,  wet    30  Garbage   :   30 

Asphalt    45  Gravel    40 

Brick    40  Ore    30 

Cinders,  dry    33  Ore,  run-of-the-mine    35—40 

Cinders,  moist   34  Rubble    45 

Cinders,  wet    31  Sand,  dry    40 

Cinders  and  clay   30  Sand,  No.  2.  &  broken  stone  27 

Clay    45  Shingles    40 

Coal,  anthracite    25  Stone    30 

Coal,  bituminous    30  Stone,  broken    27 

Coke    23  Stone,  crushed    30 

Concrete   30  Stone,  run-of-the-mine    35—40 

Portable  Cranes  and  Derricks. — In  certain  classes  of  contract- 
ing work  and  around  industrial  plants,  it  is  necessary  to  have 
readily  portable  lifting  cranes  and  derricks  for  handling  heavy 
objects  such  as  blocks  of  stone,  large  castings,  etc.,  either  with 
the  object  of  moving  them  from  place  to  place  or  for  assisting 
in  the  loading  or  unloading  of  freight  cars  or  trucks  not  equipped 
with  special  hoisting  facilities.  The  derrick  shown  at  Fig.  340 
is  mounted  on  a  Mack  chassis  and  was  intended  for  use  by  the 
Army  Engineer  Corps.  The  derrick  mechanism  which  is  shown 
under  test  in  the  illustration  has  a  capacity  for  lifting  six  tons 
easily,  the  load  being  raised  by  a  block  and  tackle  arrangement 
attached  to  the  boom  of  the  derrick  which  may  also  be  raised 
as  desired  by  the  motor  driven  winch  or*  windlass  carried  behind 
the  driver's  seat  and  operated  by  a  power  take-off  from  the 
motor  truck  power  plant. 

The  arrangement  shown  at  Fig.  341  is  mounted  on  a  Winther 
truck  chassis  and  consists  of  a  complete  power  plant  with  boom, 
mounted  on  a  counterbalance  platform  which  can  swing  around 
almost  a  complete  circle.  While  the  derrick  may  be  used  for 
lifting  purposes  only  having  a  range  of  almost  a  complete  circle 
around  the  truck,  it  is  shown  in  the  illustration  with  a  clam 
shell  or  grab  bucket  used  for  dredging  and  filling  purposes.  This 
may  be  used  for  unloading  any  material  that  can  be  handled  by 


Digitized  by  Go 


Special  Truck  Application* 


551 


the  bucket  and  transferring  it  to  any  point  desired  or  to  another 
truck.  A  gasoline  engine  entirely  independent  of  that  utilized 
in  driving  the  truck  is  employed  to  operate  the  windlass  that 
controls  the  movement  of  the  derrick  boom  as  well  as  raising  the 
bucket.  By  the  use  of  gears,  this  engine  also  serves  to  turn  the 
entire  platform  around  as  desired  on  the  large  circular  rack 
attached  to  the  truck  chassis.    The  reason  a  separate  engine  is 


Fig.  341. — Winthcr  Truck  Equipped  with  Special  Derrick. 


used  rather  than  using  the  truck  power  plant  is  that  for  such 
work  of  the  nature  that  this  truck  is  designed  to  do,  it  would 
not  be  economical  to  run  the  motor  truck  power  plant  throttle 
down,  as  a  simpler  and  less  expensive  engine  of  a  few  horse 
power  suffices  to  do  the  work.  This  engine  is  more  economical 
of  fuel  and  as  it  is  a  special  heavy  duty  type  it  saves  the  wear 
and  tear  on  the  more  expensive  motor  truck  power  plant. 

Fire  Department  Wrecking  Truck. — The  illustration  at  Fig. 
H2  shows  the  wrecking  truck  that  is  in  the  service  of  the  New 
York  Fire  Department  that  is  carried  on  a  Mack  5^-ton  chassis. 
This  is  a  repair  truck,  that  is  used  for  salvaging  wrecked  fire 
fighting  equipment.  The  traveling  telpher,  which  is  provided 
with  a  block  and  fall,  can  be  used  for  bringing  in  apparatus  even 
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if  one  of  the  wheels  or  axles  is  broken,  or  if  it  has  collided  with 
some  other  vehicle  and  is  so  badly  damaged  that  it  could  not 
be  moved  easily  by  ordinary  means.  Another  use  is  to  pull 
wagons,  etc.,  out  of  manholes  or  cave-ins,  replacing  derailed 
trolley  cars,  and  for  the  usual  run  of  wrecking  and  salvage  duty 
that  falls  to  the  lot  of  a  fire  department  in  any  large  city.  The 


Fig.  342.— Special  Wrecking  Truck  Used  by  New  York  City  Fire 

Department. 

sides  of  the  body  are  composed  of  substantial  work  benches, 
provided  with  compartments  in  which  not  only  fire  fighting 
equipment  is  carried,  but  also  the  necessary  tools  for  making 
emergency  repairs  to  damaged  apparatus.  Each  work  bench  is 
provided  with  a  substantial  vise.  The  rear  of  the  chassis  is 
equipped  with  a  towing  hook  and  a  pair  of  substantial  skids 
is  carried  under  the  floor.  When  the  lifting  telpher  is  in  use  to 
handle  a  heavy  object  a  pair  of  screw  jacks  carried  by  the  rear 
of  the  chassis  are  dropped  down  and  adjusted  to  support  the 
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rear  end  and  take  some  of  the  load  off  of  the  truck  springs  and 
tires.  When  the  jacks  are  down,  a  rigid  platform  is  obtained. 
The  chain  block  is  operated  by  a  winch,  which  is  in  turn  driven 
by  the  engine.  The  uses  for  an  emergency  truck  of  this  char- 
acter are  such  as  to  demand  exceptionally  strong  construction 
without  having  so  much  weight  as  to  impair  the  mobility  of  the 
outfit. 

A  small  electric  industrial  truck  used  by  the  Buda  Engine 
Company  for  the  transfer  of  their  product  around  the  plant  is 


Pig.  342A. — Special  Crane  Designed  for  Small  Industrial  Truck. 


shown  at  Fig.  342A.  This  uses  a  crane  operating  on  the  same 
principle  as  the  larger  capacity  one  shown  at  Fig.  342.  Its  use 
and  advantages  are  apparent. 

Motor  Driven  Fire  Apparatus. — One  of  the  applications  to 
which  the  motor  truck  chassis  lends  itself  particularly  well  is 
in  connection  with  various  forms  of  bodies  to  carry  fire  fighting 
equipment.  The  speed  of  the  modern  motor  truck  makes  it 
possible  to  greatly  exceed  the  best  time  made  by  horse-drawn 
apparatus,  as  the  lighter  combination  wagons  are  capable  of 
traveling  at  the  rate  of  nearly  a  mile  a  minute,  while  the  heav  - 
iest apparatus  can  make  three  times  the  speed  of  the  old  horse- 
drawn  equipment. 

When  used  for  fire  department  purposes  a  motor  truck  not  only 
receives  the  best  of  care  but  it  is  used  so  little  that  it  will  prat. 
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tically  never  wear  out.  The  advantages  of  motor-drawn  equip- 
ment over  the  animal  drawn  from  a  viewpoint  of  rapid  service, 
more  economical  maintenance  and  more  sanitary  living  condi- 
tions for  the  fireman,  who  must  live  in  the  same  house  that 
garages  the  equipment,  are  apparent  to  any  one  who  has  seen 
this  apparatus  in  service  or  who  is  at  all  familiar  with  conditions 
that  obtain  in  fire  department  work. 

It  is  not  only  in  large  cities  that  motor  fire  trucks  prove  their 


Fig.  343. — Combination  Fire  Apparatus  Mounted  on  Mack  A.  C.  Truck 

Chassis. 
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worth,  as  many  small  communities  that  formerly  could  not  afford 
the  luxury  of  a  fire  department  because  of  the  maintenance 
expense  are  now  able  to  purchase  and  maintain  popular  low- 
priced  chassis  fitted  with  a  practical  fire  fighter's  equipment  that 


Fig.  344. — How  Pump  is  Installed  in  Mack  Combination  Engine. 


can  be  easily  handled  by  a  couple  of  men  and  that  will  reach  a 
fire  so  quick  that  most  of  them  may  be  extinguished  before  much 
damage  is  done. 

Tractors  Used  for  Long  Apparatus. — Very  heavy  and  long 
pieces  of  apparatus,  such  as  water  towers  and  hook-and-ladder 
trucks  are  usually  hauled  by  tractors  of  either  the  two-wheel 
or  four-wheel  forms.  When  a  two-wheel  tractor  is  used  it  is 
usually  built  into  the  apparatus,  as  it  has  all  of  the  power  gen- 
erating, transmitting  and  control  elements  incorporated  in  a 
compact  unit  that  may  be  attached  to  the  existing  horse-drawn 
equipment  without  expensive  machine  work.  The  use  of  a  trac- 
tor makes  it  possible  to  retain  old  equipment  that  is  still  in 
go<Ki  condition,  such  as  steam  fire  engines,  and  yet  obtain  the 
advantages  of  the  ease  of  control  and  mobility  of  motor  traction. 


Digitized  by  Google 


556 


The  Motor  Truck 


Digitized  by  Google 


Motor  Driven  Fire  Apparatus 


.557 


Combination  Apparatus. — The  outfit  shown  at  Fig.  343,  A 
and  B  is  a  combination  apparatus  mounted  on  a  Mack  chassis. 
This  not  only  includes  the  usual  features  of  the  combination 
hose  and  chemical  wagon  but  has  incorporated  in  the  mechan- 
ism a  special  form  of  rotary  fire  pump.  It  will  be  evident  that 
this  is  a  complete  fire  fighting  unit  that  is  capable  of  throwing 
two  or  more  strong  streams  of  water  on  any  fire  that  the  chcm- 


Fig.  346. — Brockway  Truck  Chassis  with  "Straight  Hose"  Equipment. 

ical  tank  equipment  is  not  able  to  cope  with.  The  fire  pump 
is  carried  under  the  driver's  seat  and  is  fitted  with  driving  con- 
ncctions  so  that  it  can  be  operated  from  the  truck  power  plant, 
t  he  method  of  installing  this  pump  is  clearly  shown  at  Fig.  344 
:»nd  its  use  during  a  test  when  throwing  two  streams  of  water 
is  shown  at  Fig.  345.  The  chemical  tank  is  carried  immediately 
hack  of  the  water  pump  and  the  chemical  hose  is  supported  by 
a  rotary  reel  directly  over  the  tank.  The  body,  which  is  of  the 
box  form,  carries  the  water  hose  folded  in  the  usual  manner 
so  that  it  may  be  readily  played  out  from  the  hydrant  to  the 
burning  structure.  Extension  ladders  are  carried  and  the  usual 
fire  fighting  equipment  of  lanterns,  axes,  pike  poles,  portable 
extinguishers,  etc.,  are  easily  accommodate^  in  the  commodious 
body. 

The  equipment  shown  at  Fig.  346  is  installed  on  a  Brockway 
chassis  and  is  known  as  "Straight  Hose/*  the  body  having  a 
capacity  of  one  thousand  feet  2^-inch  fire  hose  and  equipment 
consisting  of  electric  lights,  generator,  storage  battery,  with  two 
electric  headlights,  two  dash  lights,  swivel  searchlight  and  tail 
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light ;  one  20-foot  extension  ladder,  one  12-foot  roof  ladder,  pike 
pole,  pick  back-fire  axes,  crowbar,  two  fire  department  lanterns, 
two  three-gallon  hand  extinguishers,  two  play  pipe  holders  and 
one  mesh  basket  for  coats,  hats,  etc.  This  type  was  adopted 
by  the  Government  for  installation  at  their  several  powder  plants. 


Fig.  347. — Brockway  Double  Tank  Combination  Apparatus. 

The  Type  B  Brockway  Four-Cylinder  Double  Tank  Combina- 
tion Body,  as  shown  at  Fig.  347,  has  a  capacity  of  one  thousand 
feet  of  2j^-inch  fire  hose.  Equipment  consists  of  electric  starter, 
two  electric  head,  two  dash,  one  swivel  search  and  one  tail  light, 
two  35-gallon  nickel-plated  chemical  tanks,  with  200  feet  of  fl- 
inch chemical  hose  on  reel,  one  20-foot  extension  ladder,  one 
roof  ladder,  two  fire  lanterns,  one  pick  back-fire  axe,  one  crow- 
bar, two  tool  boxes,  two  play  pipe  holders,  one  locomotive  bell, 


Fig.  348.— Brockway  Type  A  Service  Truck. 
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whistle  on  exhaust,  one  shut-off  nozzle,  two  nozzle  tips,  two 
hose  spanners,  one  soda  bag,  two  acid  receptacles  and  receptacle 
holder;  filling  cap  wrench.  This  particular  truck  was  installed 
in  the  service  of  the  Winchester  Repeating  Arms  Company  at 
their  plant  in  New  Haven,  Connecticut. 

The  outfit  shown  at  Fig.  348  is  the  Brockway  Type  A  Four- 
Cylinder  Service  Truck.  It  is  equipped  with  a  Presto  tank,  two 
headlights  and  swivel  searchlight,  with  oil  dash  and  tail  light. 
Ladder  equipment  as  follows :  One  50-foot  rapid  hoist  rope  and 
pulley  extension  to  extend  50  feet  with  supporting  poles ;  one 
35-foot  rapid  hoist  rope  and  pulley  extension  to  extend  35  feet ; 
one  28-foot  single  ladder,  one  24-foot  single  ladder,  one  20-foot 
single  ladder,  one  16-foot  roof  ladder,  one  12-foot  roof  ladder, 
two  25-foot  single  side  ladders.  Miscellaneous  tools  and  equip- 
ment :  2  Crotch  poles,  4  fire  department  axes,  6  pike  poles,  as- 
sorted lengths ;  2  wall  picks,  2  crowbars,  2  shovels,  1  wire  cutter, 
1  door  opener,  one  tin  roof  cutter.  2  pitchforks,  2  No.  2  Babcock 
fire  extinguishers,  4  fire  department  lanterns,  one  wire  basket 
14"  x  30"  x  6'  in  rear  of  driver's  seat  for  tools,  etc.;  one  tool 
box.  Chemical  Equipment :  Chemical  tank,  40  gallons  capacity ; 
chemical  hose  basket;  chemical  hose,  200  feet  ^J-inch  special 
4-ply,  coupled  with  heavy  brass  couplings;  one  shut-off  nozzle, 
two  nozzle  tips,  two  hose  spanners,  one  soda  bag,  two  acid 
receptacles,  with  lifers;  one  acid  receptacle  holder,  filling  cap 
wrench,  two  hand  extinguishers. 

Motor  Trucks  for  Municipal  Use. — Motor  trucks  are  rapidly 
displacing  other  means  of  conveyance  in  the  sanitary  and  street 
cleaning  department  of  all  of  our  large  cities  and  many  of  the 
smaller  ones.  Fitted  with  dump  bodies,  motor  trucks  are  ideal 
for  handling  ashes,  garbage,  and  other  refuse  economically  and 
quickly.  Fitted  with  special  trunk  bodies,  they  may  be  used  for 
sprinkling  the  roads,  washing  the  streets  and  similar  uses.  The 
truck  shown  at  Fig.  349  is  a  street  washing  machine  fitted  to 
a  Brockway  chassis.  A  large  tank  to  carry  the  water  is  mounted 
above  the  chassis,  while  a  "squeegee,"  or  washing  roller,  carried 
l»y  a  special  framework  is  supported  below  the  truck  frame.  This 
roller  is  rotated  by  sprocket  and  chain  connection  with  the  rear 
wheels.  It  may  be  raised  or  lowered,  as  desired  to  suit  the 
various  types  of  pavement,  and  may  be  raised  entirely  clear  so 
the  truck  will  perform  the  duties  of  a  simple  watering  cart,  as 
shown  at  Fig.  350.   Pipes  extend  from  the  tank  to  special  sprink- 
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ler  heads,  each  side  of  the  front  end  of  the  chassis  frame,  which 
are  so  designed  as  to  sprinkle  the  entire  width  of  the  street  on 
one  trip.  The  ordinary  form  of  horse-drawn  equipment  ha? 
sprinkler  heads  that  will  only  wet  down  half  of  the  street  at 
a  time.  Not  only  is  it  possible  to  carry  more  water,  owing  tc 
the  size  of  the  tank,  but  the  work  may  be  done  at  twice  or  thret 
times  the  speed  possible  with  horse-drawn  tank  wagons. 

The  combination  body,  shown  at  Fig.  351,  is  used  by  the  city 
of  Perth  Amboy  in  its  street-cleaning  department  and  com- 
prises the  usual  form  of  hydraulic  dump  body  and  a  detachable 
tank  that  may  be  connected  to  sprinkler  heads  at  the  rear  of 


Fig.  349. — View  at  A  Shows  Combined  Watering  Cart  and  Street 

Washer. 

Fig.  350. — The  View  at  B  Shows  Use  of  Apparaf";  a-  ?  in**  Cart. 
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the  chassis.  The  tank  is  provided  with  two  substantial  lifting 
holts,  one  at  each  end,  so  that  it  may  be  lifted  out  of  the  body 
when  it  is  desired  to  haul  materials  instead  of  watering  or  oiling 
the  streets.    The  combination  shown  is  an  especially  practical 


Fig.  351. — Mack  Chassis  with  Combination  Body  Equipment  Useful  for 

Municipalities. 

one,  as  it  enables  a  small  municipality  to  utilize  its  motor  equip- 
ment to  the  best  advantage  and  reduces  the  investment  neces- 
sary if  single  purpose  equipment  is  used. 

There  is  practically  no  limit  to  the  character  of  material  that 
is  hauled  by  motor  trucks.    A  road  roller  is  not  a  very  fast 


Pig.  352.— Kelly-Springfield  Truck  Employed  for  Hauling  Road  Roller. 

Digitized  by  Google 


562 


The  Motor  Truck 


Fig.  353. — Brockway  Chassis  with  Oil  Distributing  Body  in  Plice. 


moving  piece  of  machinery.  The  usual  speed  being  about  four 
miles  an  hour  for  a  heavy  roller  and  six  miles  for  a  light  one. 
Considerable  time  would  be  consumed  in  moving  a  road  roller 
from  one  part  of  a  city  to  another  if  it  were  not  for  the  motor 
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truck.  In  the  illustration  at  Fig.  352,  the  hauling  capacity  of 
a  standard  3j4-ton  Kelly  truck  is  shown  as  it  is  loaded  with 
a  road  roller  of  substantial  proportions.  The  superior  speed  and 
easier  control  of  the  truck  makes  it  possible  to  bring  the  road 
roller  from  one  job  to  another  without  much  loss  of  time. 

When  the  steel  contractor's  dump  body  is  removed  from  the 
Brockway  chassis  the  600-gallon  tank,  with  oil  distributor,  may 
be  mounted  in  its  place,  in  which  manner  one  chassis  serves  the 
purpose  for  a  Dump  Truck  as  well  as  an  oil  distributor,  making 
a  very  economical  combination.  The  oil  distributor  is  connected 
with  the  power  head  as  described  above,  thereby  giving  proper 
pressure  for  distributing  heavy  oil  and  has  proven  itself  an  effi- 
cient and  highly  satisfactory  truck  for  State,  county  and  munici- 
pal work  in  the  building  and  maintenance  of  roads.  It  is  clearly 
shown  at  Fig.  353,  A  and  B. 

Truck-driven  Plow. — A  truck  equipped  with  a  snow-plow  has 
been  used  with  a  great  deal  of  satisfaction  to  break  tracks  in 
heavy  snow  in  the  highways  in  a  Montana  county,  so  that  traffic 
could  be  maintained  practically  without  cessation.  This  plow 
was  improvised  by  the  country  engineer  and  a  five-ton  truck 
was  adapted  at  low  cost  as  shown  at  Fig.  354.  This  equipment, 
once  built,  can  be  used  for  a  long  period  of  time,  and  the  expense, 
carried  over  several  years,  is  comparatively  small. 

In  this  instance  the  truck  front  spring  horns  were  fitted  with 
a  bumper,  to  which  was  bolted  a  timber  six  inches  square.  The 
plow  was  built  with  the  side  boards  centered  and  extending  to 
either  side  to  cut  a  patch  approximately  eight  feet  wide.  The 
frame  of  the  plow  was  heavy  timber  and  side  boards  were 
sheathed  with  a  sheet  metal  with  the  lower  edges  reinforced 
with  quarter-inch  strap  steel. 

At  the  apex  of  the  plow  was  placed  a  perpendicular  beam  six 
inches  square.  The  rear  of  the  plow  frame  was  hinged  on  the 
cross  timber  bolted  to  the  bumper.  From  the  top  of  the  upright 
member  at  the  nose  of  the  plow  a  block  tackle  was  carried  back 
over  the  truck  cab  to  an  eye-bolt  attached  to  a  cross-frame 
member  at  the  rear.  The  tackle  was  elevated  above  the  cab 
roof  by  a  pair  of  diagonals  bolted  to  the  sides  of  the  body  and 
carrying  a  large,  deeply  grooved  free  pulley  to  prevent  the  rope 
chafing.  With  this  tackle,  the  height  of  the  plow  could  be  regu- 
lated to  make  the  cut  in  the  snow  any  depth  desired. 

Across  the  rear  of  the  truck  was  fastened  a  timber  six  inches 
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square  with  diagonal  braces  extending  to  the  side  members  of 
the  chassis.  From  the  ends  of  this  timber  spreader  boards  ex- 
tend forward  to  and  inside  the  side  boards  of  the  plow,  where 
they  are  pivoted,  so  that  the  plow  can  be  elevated  or  lowered. 
The  lower  rear  corners  of  the  side  boards  and  the  lower  forward 
corners  of  the  spreader  boards  are  rounded  to  obtain  clearance. 
The  rear  wheels  are  equipped  with  chains.  The  front  wheels 
are  mounted  on  a  pair  of  runners  clamped  to  them,  which  can 
be  moved  by  the  steering  gear,  and  the  runners  are  shod  with 
quarter-round  rods  to  prevent  side  slip. 

The  plow  will  weigh  approximately  1,000  pounds,  and  the 
truck  so  equipped  not  far  from  six  tons.  With  the  truck  body  . 
weighted  traction  can  always  be  obtainable.  With  the  outfit 
many  miles  of  deep  snow  can  be  cleared  in  a  day  and  highways 
kept  in  reasonably  passable  condition,  no  matter  what  the  snow- 
fall. The  accompanying  diagrams  illustrate  the  general  plan  of 
construction.  This  equipment  can  be  constructed  with  easily 
obtainable  tools  and  materials  and  can  be  quickly  rigged  when 
wanted. 

Typical  Bus  Body.— The  "Speed  'Bus"  body,  made  by  Graham 
Brothers,  Evansville,  Indiana,  is  6  feet  2  inches  high  inside; 
width  of  aisle  is  2  feet  9  inches.  Outside  body  dimensions: 
Width  6  feet  1  inch,  height  6  feet  4  inches,  length  14  feet.  Seats 
are  18  inches  high  and  16  inches  deep;  spring-cushioned  seats 
and  padded  backs,  upholstered  in  imitation  leather.  Driver's 
seat  also  with  upholstered  back ;  battery  and  tool  compartment 
underneath ;  gasoline  compartment  at  left. 

The  vestibule  door  is  operated  by  a  lever  from  driver's  seat. 
This  door  extends  to  the  bottom  step,  which  is  14  inches  from 
the  ground.  The  second  step  is  8j£  inches  high.  The  floor  is 
&/>  inches  above  the  second  step.  The  door  is  24j/2  inches  wide 
and  6  feet  6  inches  high.  The  rear  door  is  5  feet  3  inches  high, 
21  inches  wide,  with  an  outside  step.  The  windows  consist  of 
movable  lower  sashes,  26  by  16  inches,  and  stationary  upper 
sashes.  26  by  12  inches.  Sliding  panel  for  arm  signaling  to  the 
left  of  driver.  The  windshield  is  one-piece  ventilating  type,  33 
by  21  inches,  and  can  be  swung  either  in  or  out.  The  electric 
equipment  includes  four  frosted  glass  dome  lights,  signal  buzzer, 
eight  signal  buttons  conveniently  located. 

Floor  sills,  uprights,  deck  ribs,  door  and  window  sashes  and 
windshield  frame  are  all  made  of  carefully  selected  and  thor- 
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oughly  seasoned  hardwood.  Three  of  the  truss  through-bolts 
on  each  side  extend  through  angles  riveted  to  the  motor  truck- 
frame,  firmly  securing  the  'bus  body  to  the  chassis.  No  body 
bolts  run  through  the  flanges,  of  the  motor  truck  frame  itself. 


Fig.  355. — Special  Body  for  Moving  Ice  Cream  is  a  Good  Example  of 
Body  Design  to  Meet  Individual  Requirements. 

The  wheel  housings  permit  an  extra  width  of  body  and  a  low 
floor  accessible  in  three  easy  steps.  The  body  is  intended  for 
a  lj^-ton  capacity  chassis. 

Special  Duty  Motor  Trucks. — Each  line  of  business  has  pecu- 
liar local  conditions  to  meet  that  can  be  solved  to  best  advantage 
by  the  design  especially  built  motor  truck  bodies.  It  will  be 
apparent  that  it  would  not  be  practical  or  desirable  to  have  an 
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infinite  variety  of  chassis  forms,  and  fortunately  by  the  equip- 
ment  of  a  special  body  a  standard  chassis  design  may  be  made 
to  serve  a  wide  variety  of  industrial  requirements.  It  is  not 
possible  in  a  work  of  this  character  to  show  the  infinite  variety 
of  special  bodies  that  have  been  designed  for  application  to  in- 
dustrial transportation.  Typical  examples  have  been  selected, 
however,  that  are  of  interest  to  all  and  that  cannot  fail  to  offer 
suggestions  that  will  be  valuable  to  anyone  interested  in  motor 
hauling. 

The  special  type  of  body  shown  at  Fig.  355,  A  and  B,  has  been 
designed  to  meet  the  peculiar  requirements  of  an  ice-cream  man- 


Fig.  356. — Large  Capacity  Bus  Body  on  Mack  5^-Ton  Capacity  Chassis. 


ufacturer  and  is  installed  on  various  types  of  Federal  chassis. 
That  at  A  is  fitted  to  a  solid  tired  truck,  while  the  form  at  B 
is  equipped  with  pneumatic  tires  to  permit  of  more  rapid  deliv- 
ery. As  will  be  noticed  from  the  top  view  at  A,  special  com- 
partments are  provided  for  carrying  the  ice-cream  can,  ice  and 
rock  salt.  The  platform  is  designed  so  that  the  cans  may  be 
easily  lifted  out  and  the  refrigeration  may  be  maintained  by 
an  attendant  while  the  goods  are  in  transit.  The  compartments 
are  provided  with  hinged  covers  and  all  leakage  that  results  from 
melting  of  the  ice  is  carried  clear  of  the  chassis  by  special  con- 
ductors and  drainpipes,  so  that  the  water  will  not  drip  down 
on  any  parts  of  the  mechanism. 

A  good  example  of  the  use  of  the  motor  truck  chassis  to  pas- 
senger carrying  work  is  given  at  Fig.  356.  This  is  a  large  'bus 
fitted  to  a  5j4-ton  Mack  chassis  which  is  operated  by  the 
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Suburban  Transit  Company,  Plainfield.  X.  J.  The  'bus  body  is 
equipped  with  the  usual  form  of  seats  which  are  ranged  in  rows 
down  each  side  of  the  body  with  an  aisle  between.  The  windows 
may  be  raised  to  allow  cooling  breezes  to  circulate  through  the 
body  in  warm  weather  and  may  be  lowered  in  inclement  weather. 
Eighteen  double  seats  are  provided,  which  give  a  capacity  of 
thirty-six  passengers.  The  'bus  is  a  pay-as-you-enter  type,  the 
only  means  of  ingress  or  egress  being  through  a  small  door 
opposite  the  driver,  who  also  acts  as  conductor.  This  'bus  is 
equipped  with  a  number  of  refinements,  such  as  electric  light, 
exhaust  heat,  etc.,  and  every  effort  has  been  made  to  secure 
easy  riding  qualities  by  the  use  of  Westinghouse  air  springs  and 
Sewell  cushion  wheels. 

Combination  Bodies. — There  has  been  considerable  develop- 
ment noted  of  late  in  bodies  composed  of  a  number  of  units  that 
may  be  placed  in  different  relations  to  each  other  to  obtain 
various  body  forms  adapted  for  a  wide  range  of  work.  A  notable 
combination  body  of  this  form  is  the  farm  body  designed  for 
the  Reo  Speed  Wagon  Chassis,  which  is  shown  at  Fig.  357,  A. 
In  this,  the  same  cab  is  used  with  all  of  the  varying  body  com- 
binations. The  body  is  installed  on  the  longitudinal  wooden 
frame  sills  and  by  the  use  of  folding  sides,  extension  tail-gate 
and  racks,  it  may  be  utilized  for  hauling  everything  used  or 
produced  on  a  farm.  As  shown  at  B,  the  tail-gate  is  lowered 
and  the  rack  sides  are  used  as  flare  boards.  This  makes  it  pos- 
sible to  carry  "various  kinds  of  produce  in  bags  or  bales  without 
anv  difficulty.  The  tail-gate  permits  lifting  heavv  bales  or 
sacks  in  place  without  exertion  of  much  effort.  When  the  rack 
sides  ate  folded  up  against  the  tail-gate,  as  shown  at  D,  a  box 
body  is  obtained.  With  flare  sides  extended  and  tail-gate  ex- 
tensions folded  out  a  commodious  rack  body  for  carrying  live- 
<tock  is  secured.  A  modification  of  the  rack  body  for  the  same 
purpose  which  has  straight  sides  is  outlined  at  F.  At  G,  the 
upper  part  of  the  rack  sides  are  folded  over  to  form  a  roof  for  the 
box  body  so  that  smaller  domestic  animals  and  fowl  may  be 
transported.  With  the  arrangement  of  the  flare  boards  and  tail- 
gate, as  shown  at  H,  a  body  that  is  well  adapted  for  carrying 
corn,  potatoes,  turnips,  cabbage,  and  similar  vegetables  in  bulk, 
manure  or  ensilage  and  numerous  other  materials  that  will  sug- 
gest themselves  to  the  practical  farmer.  With  the  sides  ex- 
ttl)f*<      -  ■    '  ■»  "f  T#  -  v?ry  good  hay  wasjon  is  obtained.  The 
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Fig.  358. — Combination  Express  and  Dump  Body  Pitted  to  Federal 

Chassis. 

changes  are  easily  made,  as  all  of  the  combinations  shown  are 
produced  by  lengthening  or  shortening  the  bracing  levers  at  the 
sides  of  the  body.  If  the  boards  comprising  a  solid  side  are 
spread  apart,  one  will  easily  obtain  a  rack  side,  and  if  the  brace 
members  are  properly  jointed  it  will  be  evident  that  all  of  the 
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combinations  shown  may  be  obtained  without  difficulty  and  a 
■  body  type  adapted  for  the  requirements  for  the  work  to  be  done 
K  is  secured  at  short  notice. 

Combination  Express  and  Dump  Body. — An  exceptionally  fine 
Federal  truck  was  delivered  recently  to  Chas.  S.  Wheeler  for 
use  on  his  vast  estate  at  McCloud,  California.  The  Federal  is 
6  equipped  with  a  combination  body  that  renders  the  truck  useful 
for  a  number  of  different  kinds  of  work.  The  demands  of  the 
owner  were  to  design  a  combination  express  body,  dump  body, 
which  was  to  be  removable,  so  that  the  flat  bed  of  the  truck 
could  be  used  for  hauling  large  and  cumbersome  commodities 
upon  the  large  estate  of  the  owner. 

The  uniqueness  of  the  special  body  and  truck  caused  much 
attention  on  the  part  of  truck  owners  as  well  as  body  builders, 
owing  to  its  unusual  design  and  practicability  in  performing 
those  duties  for  which  it  was  designed.  In  the  opinion  of  those 
who  have  examined  it,  it  is  a  very  practical  combination  body. 
The  express  or  delivery  body  shown  at  Fig.  358,  equipped  with 
a  drop  tail-gate,  is  zinc  plated,  steel  lined  and  constructed  to 
be  leak-proof,  and  is  readily  adaptable  for  loose  materials  such 
as  sand,  gravel,  etc.,  or  for  the  purpose  of  hauling  merchandise. 

The  body  is  so  constructed  that  during  a  demonstration  given 
a  few  days  ago,  it  was  removed  from  the  chassis  and  rolled 
upon  a  special  built  receiving  stand  in  less  than  four  minutes, 
as  shown  at  Fig.  359,  A  and  B.  The  frame  of  the  truck  is 
equipped  with  rollers  so  that  the  body  can  easily  be  slid  off 
the  truck  chassis  onto  the  receiving  stand  by  two  men.  When 
the  body  has  been  removed  from  the  truck  chassis  the  specially 
constructed  flat  bed  can  be  used  to  haul  logs  or  other  large 
and  cumbersome  articles  that  it  would  otherwise  not  be  possible 
to  handle,  as  shown  at  Fig.  359,  C. 

One  of  the  most  novel  features  of  this  specially  designed 
truck  is  that  when  the  body  is  removed,  the  under  body  is 
equipped  with  roller  and  skid  sockets  on  either  side  and  rear, 
and  to  permit  of  the  handling  of  heavy  materials  which  art- 
rolled  or  skidded  over  these  rollers  to  loader  position  on  the 
truck.  The  heavy  materials,  such  as  logs,  etc.,  are  automaticallv 
lifted  or  drawn  into  place  on  the  truck  by  its  own  motive  power 
through  the  use  of  the  hoist  gables  operating  from  the  motor. 

The  truck  can  also  be  used  for  road  work,  being  equipped 
with  a  special  hydraulic  hoist  raising  the  body  to  an  elevated 
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dump  body  position,  permitting  loose  materials  used  for  road 
work  to  be  easily  slid  out  of  the  dump  body  and  spread. 

The  acquisition  of  the  specially  double-acting  tail-gate  shown 
at  Fig.  358,  B,  which  consists  of  a  drop  tail-gate  into  which  has 


Fig.  359. — Combination  Dump  and  Platform  Body.    The  Dump  Body 
May  Be  Removed,  as  at  A  and  B  Leaving  the  Platform  Clear,  as  at  C. 
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been  built  another  gate  that  is  used  for  spreading  when  the 
body  is  elevated  for  dumping  purposes,  is  likewise  a  novel  and 
unusual  feature.  The  latter  gate  is  operated  from  the  driver's 
seat.  This  Federal  is  likewise  equipped  with  a  specially  de- 
signed spring  draw  bar  for  tractor  use,  eliminating  the  undue 
shock  and  stress  upon  the  truck  when  used  with  a  trailer. 

Motor  trucks  have  taken  such  an  important  par^  in  solving 
the  transportation  and  haulage  problems  that  confront  the  busi- 
ness man  to-day,  that  the  various  makers  are  often  being  called 
upon  to  design  special  equipment  for  use  in  connection  with  the 
motor  truck.  The  engineering  and  technical  departments  for  this 
purpose  have  long  been  a  feature  of  the  leading  organizations 
and  have  been  responsible  to  a  great  extent  through  the  unique 
designs  and  construction  of  bodies  turned  out  for  the  many 
different  special  uses  to  which  motor  trucks  are  being  put. 

Special  Truck  for  Arc  Welding. — Once  more  the  motor  truck 
comes  to  the  front  in  solving  one  of  the  problems  of  industry. 
This  time  it  is  a  Packard  truck  equipped  to  do  arc  welding,  both 
marine  and  land  work,  and  its  equipment  is  illustrated  at  Figs. 
360,  A  and  B.  With  the  past  three  years  of  war  as  an  incentive, 
great  strides  have  been  made  in  the  art  of  welding  iron  and  steel 
and  naturally  the  use  of  welding  for  joining  materials  has  in- 
creased considerably.  The  electric  arc  method  of  welding  has 
been  developed  to  a  point  where  satisfactory  welds  can  be  made 
of  cast  iron,  wrought  iron  and  various  grades  of  steel. 

The  electric  arc  process  is  comparatively  simple,  easy  to 
manipulate,  very  rapid,  and  compares  favorably  in  cost  to  other 
methods  of  welding.  The  metallic  electrode  method  of  arc  weld- 
ing is  usually  employed,  as  this  system  gives  a  strong  and 
durable  weld.  By  this  method  it  has  been  found  that  welds  can 
usually  be  made  with  a  tensile  strength  of  from  80  to  100  per 
cent,  of  the  strength  of  the  original  stock,  and  when  the  building 
up  method  of  welding  is  used,  it  is  usually  possible  to  make  the 
weld  stronger  than  the  original  section  as  far  as  the  actual 
space  welded. 

Electric  welding  has  been  used  largely  for  repairing  boilers, 
steel  plate  work,  and  broken  parts  of  cast  iron  or  steel ;  but  re- 
cently, with  the  advance  of  knowledge  of  electric  arc  welding, 
it  is  being  used  very  largely  in  the  fabrication  of  new  iron  and 
steel  parts.  For  filling  in  of  defective  castings  and  for  the 
reclamation  of  the  junk  pile,  it  is  customary  to  install  a  special 
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generator  having  the  proper  electric  characteristics.  In  a  great 
many  cases,  however,  it  is  impossible  to  bring  the  work  to  the 
welding  machine  and,  consequently,  the  welding  plant  must  be 
set  tip  near  the  location  of  the  arc  to  be  welded.  This  has  led 
to  the  construction  of  barges  containing  welding  equipment  for 
marine  work,  and  eventually  to  an  automobile  truck,  for  land 
and  marine  work.  This  truck  can  be  quickly  run  to  any  desired 
place  where  electric  welding  is  to  be  done. 

In  selecting  a  truck  for  this  work,  the  Covic  Electric  Company 
decided  to  use  a  5-ton  Packard  chassis,  because  this  was  con- 
sidered the  sturdiest  and  best  adapted  truck,  after  carefully  con- 


Fig.  360.— Complete  Arc  Welding  Set  Installed  on  a  Packard  Truck. 
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sidering  various  other  makes  of  trucks.  There  is  mounted  on  this 
truck  first  of  all,  a  gas-kerosene  engine  driven  arc  welding  ma- 
chine large  enough  to  supply  power  for  two  operators.  The  arc 
welding  machine  was  designed  and  built  by  the  Covic  Electric 
Company.  There  is  also  mounted  on  the  machine  and  driven 
from  the  Packard  motor,  a  90-foot  air  compressor  to  supply  com- 
pressed air  for  pneumatic  hammers  and  tools  which  are  used 
in  preparing  parts  to  be  welded  and  in  finishing  off  the  com- 
pleted weld. 

The  horsepower  required  to  operate  this  compressor  is  approx- 
imately 20  h.p.  at  250  r.p.m.  A  special  transmission  was  designed 


Fig.  361. — Outfit  for  Testing  Casing  Head  Gas  Mounted  on  Truck 

Chassis. 


by  this  company  in  order  that  the  power  may  be  transmitted 
from  their  drive-shaft  to  the  compressor.  A  Morse  chain  is  used 
to  transmit  the  power  from  the  transmission  to  the  compressor. 
This  transmission  is  so  constructed  that  it  gives  a  reduction 
ratio  of  4  to  1.  The  machine  is  enclosed  by  a  large  roomy  body 
of  special  design  which  gives  ample  space  for  the  operating  of 
the  machine  and  the  carrying  of  supplies. 

In  addition  to  the  above,  the  truck  has  been  equipped  with 
everything  possible  for  the  convenience  of  the  operators.  Among 
these  things  are  two  reels  carrying  1,500  feet  of  welding  leads 
and  a  spare  tank  for  40  gallons  of  fuel,  and  a  25-gallon  tank  for 
lubricating  oil;  also  two  larger  tanks  for  air  receivers,  whicli 
will  hold  a  supply  of  compressed  air.  The  truck  is  also  equipped 
with  a  work-bench  with  the  necessary  equipment,  which  will 
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be  found  necessary  for  work  to  be  done  on  such  jobs.  The  body 
is  electric  lighted  throughout,  the  source  of  the  supply  being 
taken  from  the  generator.  This  special  equipment  was  installed 
under  the  supervision  of  Mr.  Charles  S.  Lyon,  Special  Equipment 
Engineer  of  the  Packard  Motor  Car  Company  of  New  York. 

Outfit  for  Testing  Casing  Head  Gas. — The  making  of  physical 
tests  of  casing  head  gas  for  determining  the  amount  of  gasoline 
contained  in  the  gas  is  quite  a  job,  but  the  Frick-Reid  Supply 
Company  of  Tulsa,  Okla.,  have  solved  this  problem  in  a  unique 
way.  They  have  mounted  a  special  machine  made  by  themselves 
at  a  cost  of  approximately  $3,500,  upon  a  two-ton  Federal  truck 
chassis  as  illustrated  herewith  at  Fig.  361. 

It  would  take  quite  a  lengthy  article  indeed  to  fully  describe 
the  adverse  conditions  which  have  been  imposed  upon  this  truck 
in  the  matter  of  getting  over  bad  country,  as  it  is  necessary  for 
it  to  be  taken  to  within  11  to  30  feet  of  each  well,  which  in  some 
cases  seems  to  be  a  matter  almost  impossible,  but  it  has  never 
yet  failed.  In  making  these  tests  the  truck  is  backed  up  to  the 
well  where  the  testing  plant  can  be  attached  in  an  instant.  It 
requires  from  6  to  12  minutes  to  complete  a  test  on  a  well.  The 
machinery  weighs  about  4,000  pounds  and  is  one  of  the  most 
efficient  gas  testing  machines  that  has  ever  been  manufactured. 

The  gas  is  taken  in  through  an  inverted  Tobey  meter  into  the 
scrubber  tank,  thence  to  the  low  stage  side  of  the  compressor, 
discharging  into  the  130  feet  of  j4-inch  coils  to  the  low  stage 
accumulator  tank;  thence  to  the  suction  of  the  high  stage  side 
and  through  260  inches  of  high  stage  coils,  discharging  into  the 
high  stage  accumulator.  The  compressor  is  a  2-stage  Blaisdell 
having  a  capacity  of  24  cubic  feet  of  gas  per  minute  at  250  or 
300  pounds  pressure  on  the  high  stage  side. 

The  coils  are  arranged  so  that  either  or  all  can  be  removed, 
being  connected  on  admission  and  discharge  ends  through  the 
means  of  headers,  with  high-pressure  flanged  ammonia  valves, 
which  makes  it  possible  for  the  operator  to  use  as  much  or  as 
little  cooling  capacity  as  is  necessary  to  obtain  the  best  results. 

The  machine  is  also  equipped  with  thermometers  located  in 
the  suction  and  discharge  lines  of  both  stages  in  order  to  deter- 
mine the  characteristic  temperatures  of  the  gas  in  the  stages  of 
compression  and  in  leaving  the  accumulators.  The  compressor 
is  cooled  by  means  of  a  small  centrifugal  pump,  taking  the  water 
from  the  coil  tank  and  then  returning  it.   Of  course,  the  machine 
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is  operated  entirely  by  the  truck  motor,  the  power  take-off  being 
mounted  on  the  transmission. 

Motor  Truck  Pipe  Hauling  Body. — One  of  the  drawbacks  to 
motor  truck  hauling  equipment  in  the  plumbing  and  engineering 
trade  has  been  the  difficulty  experienced  in  handling  piping — 
especially  long  pipes,  as  heretofore  no  provision  has  been  made 


Fig.  362. — L  H.  C.  Truck  with  Special  Body  Racks  for  Carrying  Pipe. 

for  effectively  carrying  such  material.  Loaded  in  an  ordinary 
truck  body,  long  piping  overhangs  far  over  the  rear  of  the  truck, 
striking  the  ground  when  the  truck  jolts  over  bumps,  with  the 
rear  ends  often  trailing.  And  at  the  best,  piping  is  difficult  to 
handle*  as  it  has  a  tendency  to  jounce  about  and  interferes  with 
loading  or  unloading  other  materials. 

The  Dodge  Sales  Engineering  Company,  Chicago,  have  satis- 
factorily solved  their  pipe  hauling  problem  by  equipping  their 
International  Harvester  motor  truck  w"th  a  special  body  having 
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side  racks  for  receiving  pipes,  as  may  be  noted  from  the  illustra- 
tion shown  at  Fig.  362.  Brackets  on  either  side  of  the  truck  just 
in  front  of  the  dash  permit  of  carrying  piping  extending  the  full 
length  of  the  truck  without  trailing  or  inconvenience.  The  body 
proper  of  the  truck  is  reserved  for  heavy  machinery  and  small 
castings  in  bulk,  such  as  valves  and  the  like,  which  can  be  loaded 


and  unloaded  without  interfering  with  the  piping — and  vice 
versa. 

Combined  Power  Manure  Spreader  and  Unloader. — This  de- 
vice, illustrated  at  Fig.  363,  is  built  on  a  six-ton  Packard  truck. 
The  body  holds  six  tons  of  horse  stable  manure  as  carried  from 
cities.  Its  engine  may  load  it  from  car  to  manure  pile  by  using 
the  grapple  fork  and  crane.  The  body  is  12  x  6T/2  x  3y2  feet. 
The  apron  and  beater  are  driven  direct  from  the  engine,  inde- 
pendent of  the  wheels,  so  that  it  will  deliver  the  manure  either 
standing  still  or  traveling  as  slowly  or  as  rapidly  as  the  truck 
can  run.  The  beater  can  also  be  run  at  any  speed,  and  delivers 
the  manure  in  particles  much  smaller  and  finer  than  any  horse- 
drawn  spreader.  The  beater,  32  inches  in  diameter,  can  be  re- 
moved easily,  and  an  end  gate  substituted.  Then  the  affair  can 
be  u?cd  for  hauling  anything,  the  apron  remain  ;,v  rtattenary 
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while  en  route.  Or  by  throwing  in  a  gear,  the  apron  can  be 
made  to  travel  and  unload  with  the  truck  either  moving  or  stand- 
ing still — a  most  desirable  scheme  for  handling  garbage  in  feed- 
ing pigs  in  a  hog  lot.  By  detaching  four  bolts  this  Aue  spreader 
may  be  lifted  off  the  chassis  and  the  regular  body  put  in- its 
place.  Thus  the  one  chassis  can  be  used  for  both  ordinary  truck 
purposes  and  also  for  a  manure  spreader  or  automatic  unloader. 
The  originator  expects  to  build  a  manure  spreader  attachable 
to  the  chassis  of  any  size  or  make  of  truck  or  automobile. 

Special  Carrier  for  Lumber. — The  Ross  Carrier  depicted  at 
Fig.  364,  A,  is  a  special  form  of  electric  truck  designed  especially 


Fig.  364. — Special  Motor  Truck  for  Carrying  Lumber. 
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for  handling  structural  material  such  as  lumber,  pipe  and  long 
structural  shapes.  The  details,  as  furnished  by  the  makers, 
show  many  interesting  features  of  construction.  It  is  equipped 
with  an  elevating  device  that  is  controlled  by  its  operator  with- 
out leaving  his  seat  and  is  especially  constructed  to  run  over 
its  load,  as  shown  at  Fig.  269,  B,  and  to  pick  the  load  up  by  power 
furnished  by  the  same  motor  that  is  used  for  driving  the  machine 
from  the  point  of  loading  to  the  destination  of  the  load.  The 
motive  power  is  storage  batteries  of  alkaline  nickel  and  steel 
construction  and  consists  of  66  cells  A-6  Edison  storage  batteries. 
These  drive  a  motor  of  the  usual  electric  vehicle  type. 

The  frame  of  the  carrier  consists  of  two  inverted  U-shaped 
members  connected  by  girders  which  also  support  the  guides. 
These  also  carry  the  necessary  mechanism  to  perform  the  func- 
tions of  transporting  its  loads.  The  batteries  are  carried  in  boxes 
on  both  sides  of  the  carrier. 

This  machine  was  designed  primarily  to  solve  a  problem  that 
has  confronted  large  lumber  mills,  that  of  economically  taking 
the  lumber  as  it  left  the  assorting  chains  and  delivering  it  to 
the  yard,  dry-kilns,  planers,  or  any  other  department.  As  an 
example  of  what  this  machine  can  accomplish,  there  is  a  record 
of  handling  410,000  feet  of  lumber  ranging  from  timbers  to  floor- 
ing in  10  hours.  It  would  take  at  least  ten  horses  and  as  many 
men  to  move  this  material  by  the  horse  and  truck  method. 

The  loading  device  consists  of  a  cone  clutch  that  is  connected 
to  a  worm  and  worm  gear  and  this  through  a  gear  reduction 
to  two  cable  drums  with  a  lead  of  wire  cable  that  through  a 
system  of  cable  sheaves  raises  the  hooks  or  feet  that  lifts  and 
sustains  the  load.  These  hooks  slide  up  and  down -in  guides 
that  are  hinged  in  a  manner  that  permits  the  entire  member 
to  swing  outward  far  enough  to  clear  anything  the  wheels  may 
pass,  and  are  arranged  in  a  manner  that  permits  them  to  engage 
a  load  that  is  not  central  with  the  carrier.  However,  when  the 
load  is  lifted  clear  of  the  ground  and  swings  to  a  central  position, 
the  guides  automatically  lock  and  remain  in  a  rigid  position  until 
the  load  is  set  down  and  the  locks  released.  The  cone  clutch  used 
for  the  drive  is  operated  by  the  same  lever  as  the  hoist  and  is 
connected  in  such  a  manner  that  either  both  clutches  are  out 
or  either  the  driving  or  hoisting  clutches  are  in;  both  cannot 
be  engaged  at  once. 

Driving  power  is  first  transmitted  to  a  Timken  worm-drive 
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that  is  installed  to  serve  the  purpose  of  a  jack  shaft  with  the 
worm  below.  Through  a  series  of  universal  joints  the  power  is 
carried  by  means  of  sprockets  and  chains  to  the  rear  wheels. 
The  wheels  are  carried  in  special  fork  fittings,  and  all  are  turned 
in  their  steering  heads  when  turning  the  vehicle.  The  machine 
as  shown  in  the  photographs  has  the  lifting  hooks  incorporated 
between  the  wheels  and  in  such  a  position  as  to  distribute  the 
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Fig.  366.— Plan  and  Side  Elevation  of  Two-Ton  Mack  A.  C.  Armored 

Truck. 

weight  equally  on  al1  four  wheels.  This,  of  course,  necessarily 
lengthened  the  wheel-base,  and  to  offset  any  difficulty  in  handling 
the  machine  in  close  quarters  all  four  wheels  steer. 

Armored  Automobiles. —  The  European  war  has  produced  the 
development  of  special  types  of  automobiles,  designed  for  quick- 
transit  of  rapid-fire  guns  and  their  crews.  All  portions  of  the 
cars  arc  protected  by  alloy  steel  armor  plates.  The  design 
shown  at  Fig.  366  is  a  patented  construction  in  which  a  revolving 
turret  capable  of  mounting  two  machine  guns  or  rapid-fire  guns 
of  light  caliber  is  used.   The  illustration  gives  the  side  elevation. 
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plan  and  rear  views  of  the  truck,  as  well  as  a  plan  of  the  turret 
showing  the  various  constructional  features.  Under  modern  con- 
ditions of  warfare  the  cavalry  forces  that  were  formerly  depended 
on  for  reconnoitering  are  useless  for  present-day  work,  as  they 
are  unable  to  withstand  the  effects  of  modern  high-power  artil- 
lery- or  rifles.  On  the  other  hand,  armored  motor  cars  can  pass 
practically  unharmed  through  a  withering  rain  of  rifle  or  machine 
gun  bullets.  The  revolving  turret  permits  the  fire  of  the  guns 
to  be  directed  against  the  enemy  irrespective  of  the  direction 
in  which  the  truck  is  traveling.  All  vulnerable  machine  parts 
are  protected  by  substantial  plates  of  armor  steel.  The  radiator 
is  protected  by  swinging  doors  of  steel,  which  may  be  operated 
with  a  rod  from  the  driver's  seat  and  which  can  be  closed  when 
the  automobile  is  subjected  to  gun  fire.  The  sides  of  the  body 
are  brought  down  low  enough  to  protect  the  engine  base,  trans- 
mission case  and  other  parts  that  are  exposed  in  the  conventional 
chassis.  Steel  wheels  and  solid  tires  are  used  in  preference  to 
wooden  wheels  and  pneumatic  tires,  which  would  be  more  sub- 
ject to  destruction  by  bullets.  These  war  machines  are  usually 
geared"  for  high  speed  and  provided  with  high-powered  motors. 

The  plans  outlined  at  Fig.  366  show  the  conversion  of  a  2-ton 
Mack  A.  C.  type  chassis  to  an  armored  car  of  great  offensive 
and  defensive  capacity.  It  weighs  but  9,000  pounds  complete 
with  body  and  equipment,  a  remarkable  figure  when  one  con- 
siders the  amount  of  armor  plate  carried. 

The  radiator  is  of  specially  large  size  to  insure  cooling  under 
difficult  operating  conditions  and  to  compensate  for  the  some- 
what restricted  air  circulation.  The  fuel  tank  is  located  below 
the  floor,  completely  protected  by  the  armor,  and  feeding  by 
the  Stewart  vacuum  system.  For  towing  purposes,  a  special 
spring-cushioned  drawbar  is  provided  at  the  rear,  anchored  to 
the  rear  frame  cross-member  and  extending  in  a  ring  back  of 
the  rear  armor  plate.  As  most  of  the  armor  slopes  toward  the 
top.  the  joining  of  the  plates  has  been  difficult.  For  this  reason 
and  also  to  prevent  chipping  the  edges  of  the  plates  by  bullets, 
butt  straps  are  provided  at  all  joints,  thus  making  these  doubly 
strong  and  preventing  opening  the  seams. 

To  illustrate  the  painstaking  care  with  which  this  armor  has 
l>een  constructed,  the  armor  itself  is  cut  and  drilled  at  the  steel 
mill  and  then  the  plates  are  straightened  to  conform  exactly  with 
the  drawings.    They  are  then  heat-treated  and  cannot  be  drilled 
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or  machined  again  without  re-annealing.  All  bolts  and  nuts  used 
in  the  construction  of  the  armor  are  of  special  steel,  heat-treated 
and  hardened,  to  prevent  their  being  shot  away.  There  are  600 
of  these  bolts. 

Barbettes  are  mounted  on  cast  bronze  frames  and  are  arranged 
to  pivot  fore  and  aft  and  to  swing  from  side  to  side.  Their  back- 
ward slope  not  only  provides  for  bullet  deflection,  but  permits 


Fig.  367.— Main  Dimensions  of  Typical  Truck  Fitted  with  Char-a-banc 

Body. 

of  considerable  elevation  of  the  aim,  useful  in  case  of  use  in  anti- 
aircraft work. 

Detail  weight  of  the  different  components  follow: 

Part  Lb. 

Chassis   5,000 

Armor    2,400 


Frame  for  armor   600 

Platform    200 

Drawbar    40 

Radiator  guard    120 

Total  


Part 

Extra  Wt.  radiator 

Fuel  tank,  etc  

Battery   

Butt  straps   

Special  bolts  

Barbettes   

 9,052 


Lb. 

15 
50 
67 
250 
60 
250 


Mobile  Repair  Shops. — The  wide  use  of  trucks  in  the  great 
war  which  raged  in  Europe  had  made  it  essential  to  develop  spe- 
cial forms  of  repair  trucks  that  were  intended  to  accompany 
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motor  truck  convoys  and  keep  them  in  proper  running  order. 
These  trucks  may  be  of  two  types — the  emergency  wagon,  as 
shown  at  Fig.  369,  or  the  field  repair  shop,  illustrated  at  Fig.  370. 


Fig.  368.— Typical  Special  Bodies  Mounted  on  Modern  5-Ton  Truck 
Chassis.  Body  at  Top  for  Ice  or  Wood,  that  in  Center  is  an  Auto- 
matic Discharge  Coal  Body.  Type  Shown  at  Bottom  is  Tank  Body 
for  OU  Delivery. 

The  former  is  a  Nash  four-wheel  drive  and  steer  chassis 
equipped  with  a  special  steel  body.  It  carries  a  work-bench,  vise 
and  full  set  of  the  small  tools  ordinarily  used  in  making  road  re- 
pairs. An  oxy-acetylene  welding  and  cutting  outfit  and  a  small 
but  very  powerful  derrick  are  carried  for  wrecking  purposes. 
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Coils  of  heavy  rope,  axes,  shovels,  picks,  block  and  tackle  and 
sledges  are  attached  to  the  body  sides  to  assist  in  extricating 
mired  automobiles,  repair  roads,  bridges,  etc.,  and  for  general 
engineering  construction  or  destruction  work.  Winch  drums  or 
"nigger  heads"  are  carried  at  the  rear  of  the  frame,  these  being 


Fig.  371.— The  Knox  Military  Type  Four- Wheel  Tractor  Equipped  with 

Side  Dumping  Body. 


arranged  so  they  can  be  driven  by  the  engine  power,  and  towing 
hooks  are  attached  to  both  front  and  rear  of  frame. 

Other  forms  of  repair  trucks  which  have  lathes,  drill  presses 
and  other  machine  shop  tools  are  also  available,  but  these  are 
generally  used  at  the  field  base  as  a  mobile  repair  shop  rather 
than  as  tenders  for  convoys.  A  repair  shop  truck  of  this  kind 
is  shown  at  Fig.  370,  the  machinery  being  clearly  shown  packed 
ready  for  transit. 

Utility  of  Tractors. — The  tractor  has  a  number  of  advantages 
for  fire  department  work  as  well  as  in  the  commercial  applica- 
tions, and  it  has  been  thoroughly  tested  out  in  connection  with 
all  types  of  apparatus.  Before  considering  the  applications  of  the 
tractor  and  trailer  combination,  it  will  be  well  to  enumerate  some 
of  its  principal  advantages,  as  follows: 

First :  Ease  of  attachment  to  any  present  horse-drawn  type  of 
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apparatus,  thus  saving  the  latter  from  the  scrap  heap  or  sale  at 
sacrifice  prices  in  order  to  effect  motorization. 

Second:  Low  first  cost  compared  with  a  complete  original 
integral  motor  outfit  to  do  the  same  work. 

Third:  The  factor  of  interchangeability  is  an  important  one. 
The  tractor  can  be  readily  attached  to  any  vehicle  at  the  fifth 
wheel  or  turntable  by  means  of  an  ordinary  king-pin  in  a  very 
few  minutes'  time.  In  small  cities  this  is  a  distinct  advantage, 
as  one  tractor  can  be  made  to  serve  several  pieces  of  apparatus. 
Suppose,  for  instance,  that  after  the  fire  engine  had  been  taken 
to  the  scene  of  the  fire  and  it  was  decided  that  a  water  tower 
would  be  needed  to  facilitate  extinguishing  the  blaze,  the  front 
portion  of  the  pumping  engine  could  be  jacked  up  without  inter- 
fering with  its  operation  and  the  tractor  can  go  back  to  get  the 
water-tower,  which  is  needed  so  seldom  in  the  average  small 
town  or  city  that  it  would  not  be  necessary  or  profitable  to  pro- 
vide a  separate  tractor  for  this  piece  of  apparatus  alone.  An- 
other advantage  of  interchangeability  is  that  the  use  of  the  trac- 
tor does  not  alter  the  piece  of  apparatus  appreciably,  and  if  for 
any  reason  the  tractor  is  incapacitated,  horses  may  be  used  to 
draw  the  apparatus. 

Fourth :  The  tractor  can  haul  a  considerably  heavier  load  with 
the  same  amount  of  power  than  where  the  power  plant  forms 
an  integral  part  of  the  piece  of  apparatus.  The  flexible  rear 
springs  of  the  tractor  absorb  the  driving  and  braking  reaction 
and  permit  the  starting  of  heavy  loads  on  grades  or  the  positive 
control  of  the  apparatus  when,  descending  hills  without  damage 
to  the  essential  parts  of  either  the  apparatus  or  the  tractor. 
As  an  example  of  the  hauling  power  of  the  tractor,  comparison 
may  be  made  with  the  pack  mule,  which  is  able  to  carry  one- 
third  of  its  weight  on  its  back,  whereas  the  same  mule  will  draw 
four  times  its  weight  without  exerting  itself  any  more  than 
when  carrying  one-twelfth  of  that  load.  The  tractor  does  not 
push  or  carry  all  its  load,  as  is  true  of  the  conventional  truck 
construction. 

A  large  portion  is  carried  by  the  trailer  in  the  semi-tractor 
forms  and  all  of  the  load  when  the  tractor-train  system  of  loaded 
trailers  is  followed.  Various  applications  of  the  semi-tractor  are 
shown  at  Fig.  372,  and  the  wide  variety  of  semi-tractors  and 
loads  they  carry  is  depicted  at  Fig.  373. 
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Trailer  Types. — There  are  three  forms  of  trailers  adapted  for 
use  with  automobiles.  The  simplest  is  the  two-wheeler  form 
shown  at  Fig.  379,  which  can  be  adapted  to  any  pleasure  car 
chassis  and  used  for  light  work.  The  wheels  are  arranged  at 
the  center  of  the  body  and  will  carry  practically  all  the  load  if 


Fig.  374.— Mack  Truck  with  Stake-Driving  Equipment  Hauling  Two 

Circus  Wagons  as  Trailers. 

it  is  properly  distributed.  They  use  wood  wheels  and  small  sec- 
tion solid  rubber  tires.  The  specifications  of  the  smaller  model, 
which  has  a  capacity  of  800  pounds,  are  as  follows :  Body  solid 
panel,  72  by  51  inches,  10  inches  high,  with  6-inch  flareboard; 
springs,  semi-elliptic  underslung;  axle,  lj4-inch  square;  bearings, 
ball;  wheels,  hickory  with  30  by  1^4  solid  clincher  tires;  paint- 


Fig.  375.— -Kelly-Springfield  Truck  Hauling  Road  Scraper. 

ing,  body  red  and  wheels  yellow  with  black  striping;  weight, 
crated.  375  pounds.  The  1,200-pound  model  specifications:  Stake 
body,  8  by  4  feet ;  side  and  end  gates,  18  inches  high,  all  remov- 
able;  springs,  semi-elliptic  underslung;  axle,  truck  type  I-beam 
section.  2  by  \]/2  inches;  bearings,  anti-friction  roller;  wheels, 
hickory  with  32  by  2  solid  clincher  tires;  painting,  black;  weight, 
crated.  445  pounds.    Automatic  couplers  are  fitted,  and  these 
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:ig.  376. — Showing  How  Trailer  Principle  Can  Be  Advantageously  Ap- 
plied in  Road  Work.  View  at  A  Shows  Kelly- Springfield  Truck) 
Hauling  Road  Roller.  White  Good  Roads  Truck  at  B  and  C,  Used 
for  Hauling  Scraper  and  Road  Metal. 

:an  be  attached  and  detached  in  a  few  seconds.  Then  there  is 
the  semi-trailer,  which  has  but  two  wheels,  as  shown  at  Fig.  380. 
They  cannot  be  used  without  specially  built  tractors  to  receive 

s 
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their  front  end.  They  may  be  made  in  infinite  variety  and  are 
well  adapted  for  heavy  loads. 

The  Troy  trailer,  which  is  shown  at  Fig.  381,  is  a  four-wheeler 
type  having  the  wheels  carried  on  steering  knuckles  so  joined 
by  levers  that  the  wheels  will  track  when  rounding  curves.  This 


Fig.  377. — Kelly-Springfield  Truck  and   Trailer  Used  in  Lumbering 

Operations. 

feature  makes  it  possible  to  use  several  of  these  trailers,  which 
are  very  substantial  in  construction,  in  the  form  of  a  road  train 
behind  any  motor  truck  of  sufficient  capacity.  As  the  trailers 
carry  all  the  load,  the  truck  is  not  called  upon  to  carry  any 
weight  except  that  loaded  into  its  body.  In  the  semi-trailer 
type,  part  of  the  load  must  be  carried  by  the  tractor  rear  wheels, 
and  we  have  what  is  in  effect  a  six-wheeled  automobile,  articu- 
lated in  the  middle  so  the  front  and  rear  may  assume  different 
angles  to  facilitate  steering. 

Other  forms  of  tractors  have  been  devised  for  hauling  very 
heavy  loads  in  which  four  driving  wheels  arc  employed  to  secure 
better  traction.  Some  of  the  four-wheel  drive  tractors  are  of 
the  gasoline-electric  type  and  all  four  wheels  combine  directive 
and  tractive  functions,  as  the  electric  motor  imparting  power 
to  the  wheel  is  housed  in  its  interior.  The  four  wheels  are 
mounted  on  steering  knuckles,  so  they  may  be  turned  to  any 
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Fig.  378. — How  Semi-Tractor  Can  Be  Used  in  Hauling  Large  Loads  of 
Empty  Boxes.  View  at  A  Shows  Method  of  Jacking  Up  the  Trailer 
by  Special  Jacks  so  the  Tractor  Can  Be  Backed  Under  It. 


desired  angle  for  steering.  A  tractor  of  this  form  is  shown  at 
Fig.  382,  and  is  of  the  Couple-Gear  type.  The  power  is  gener- 
ated by  a  four-cylinder  gasoline  motor  which  drives  a  dynamo, 
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and  the  current  from  this  dynamo  is  directed  through  a  suitable 
controller  to  the  motors  in  the  four  wheels.  This  system  of 
drive  is  specially  well  adapted  to  moving  very  heavy  loads,  and 
the  adaptability  of  the  Couple-Gear  tractor  in  hauling  an  ex- 
tremely large  and  heavy  coal  wagon  is  clearly  depicted.    A  full 


Fig.  379.— Light  Trailers  to  Be  Drawn  by  Pleasure  Cars. 


description  of  this  method  of  drive  will  be  found  in  the  chapter 
on  "Electric  Trucks." 

The  Troy  drop  frame  four-wheel  trailer  for  heavy  hauling  and 
for  use  with  a  variety  of  dumping  and  special  duty  bodies  is 
shown  at  Fig.  383.  Its  construction  can  be  readily  ascertained 
from  the  illustrations  and  the  following  specifications  give  its 
main  features. 

Capacity — Weight,  6,000  pounds;  cubic  yards,  4.  Body  Al- 
lowance— 1,900  pounds.  Tread — 63^  inches.  Wheel-base — 115 
inches.  Ground  Clearance — 12  inches.  Frame  Length — 175 
inches.   Height  of  Frame  Under  Load — At  center,  18  inches;  at 
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ends,  32-14  inches.  Height  to  Loading  Edge  of  Body — 60  inches. 
Frame  Width  —  43%6  inches.  Frame  Section  —  5  and  6-inch 
I-beam.  Axles — Drop  forged.  Bearings — Double  cage  roller. 
Springs — 2l/2  x  44-inch  best  grade  spring  steel.   Wheels — Stand- 


?ig.  380.— Two  Semi-Trailer  Outfits  Adapted  for  Contractors*  Use.  The 
Knox  Road  Tractor  is  Shown  at  the  Top  and  the  Watson  Tractor 
Hauling  Bottom  Dump  Wagon  at  the  Bottom. 


ard  artillery,  hickory  spokes.  Tires — 36  x  5  solid  rubber  Pressed 
On  Type.  Loading  Space — At  center,  66)4  inches  ;  at  ends,  54^ 
inches.  Overall  Width— 80  inches.  Turning  Radius— 28  feet  3 
inches,  outside  wheel.  Weight,  Chassis — 3,530  pounds.  Weight, 
Body — 1,900  pounds.    Total  Weight — 5,430  pounds. 

A  feature  of  the  Troy  trailers  that  makes  them  suitable  for 
use  in  trains  is  the  special  drawhead  and  coupler  shown  at  Fig. 
$4  which  couples  automatically,  also  a  drawhead  feature  as 
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shown  at  Fig.  385  that  is  as  positive  in  action  whether  on  uneven 
ground  or  in  backing  as  it  is  on  a  straight-away  pull.  The  draw- 
bars are  attached  to  steering  knuckles  on  both  axles,  as  shown 
at  Fig.  386,  so  all  wheels  track  when  the  train  is  running  around 
a  curve. 

The  operation  of  the  drawhead  under  varying  conditions  is 
clearly  shown  at  Fig.  385.   The  view  at  A  shows  the  drawheads 


•  Dirigible 
Wheel 


Stecn'na  Bar 


Main  Frame  of 
Steel  Channels 


Solid 
Rubber  Tire '" 


Freight  Car  •' 
Type  Coupling 


Fig.  381.— The  Troy  Trailer  has  All  Four  Wheels  Movable  for  Steering. 

and  coupler  when  wagons  are  moving  forward.  There  is  always 
an  absolutely  straight  line  of  draft  through  the  entire  train. 
Note  the  hinge  in  center  of  link — the  wagons  can't  possibly 
buckle  or  get  out  of  line  in  making  a  turn.  When  the  wagons 
are  moving  over  rough  or  uneven  ground  there  can  be  no  climb- 
ing or  drawheads  or  buckling  of  wagons.    Any  wagon  in  the 
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Fig.  382.— The  Couple  Gear  Four- Wheel  Drive  and  Steer  Tractor  At- 
tached to  Large  Coal  Wagons. 
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train  can  drop  into  a  rut  20  inches  deep  or  climb  an  obstruction 
20  inches  high  without  any  added  strain  on  the  wagons  follow- 
ing, as  shown  at  B.  The  position  of  the  drawheads  when  the 
wagons  are  being  backed  in  a  straight  line  is  depicted  at  C.  No 
side  bars  are  needed  in  backing  either  in  a  straight  line  or  around 
a  corner.  No  matter  how  uneven  the  surfaces,  the  train  is  always 
under  perfect  control. 

Troy  Slow  Speed  Trailers,  as  shown  at  Figs.  381  and  387,  are 
built  to  haul  in  trains,  behind  Slow  Speed  Tractors.    They  are 


Fig.  383.— Troy  Low  Bed  or  Drop  Frame  Trailer. 


reversible— can  be  hitched  to  either  end.  This  feature  saves 
from  a  quarter  to  half  an  hour  in  turning  the  train.  They  may 
be  used  in  trains  of  from  three  to  six  units ;  under  favorable 
conditions  more  than  six.  The  wheel-base  is  short  and  a  close 
coupling  between  all  units  in  the  train  makes  it  possible  for 
Troy  Wagons  to  follow  perfectly  in  the  track  of  the  engine,  go 
around  sharp  corners  and  pass  through  narrow  roadways  or 
alleys  without  obstruction.  They  can  also  be  backed  up  to  load- 
ing platforms  and  be  directed  or  placed  over  or  under  bins  or 
alongside  cars  or  into  quarries  and  sand  pits.  Built  in  four 
styles — Bottom  Dump,  Spreader  Wagons,  Platform  and  Exten- 
sion Trucks.  The  Trucks  are  for  hauling  logs,  lumber,  pipe  and 
long  materials.    The  Hauling  and  Spreading  Wagons  are  for 


Digitized  by  Google 


600 


The  Motor  Truck 


Fig.  384. — Automatic  Coupler  Used  on  Troy  Trailers. 


hauling  loose  material,  such  as  clay,  gravel,  stone,  sand,  paving 
brick,  coal,  etc. 

Drawbar  Pull  of  Motor  Trucks. — While  the  advent  of  the 
trailer  several  years  ago  was  frowned  upon  by  engineers  of 
motor  truck  companies,  special  tractors  have  been  sold  intended 
to  furnish  the  power  for  a  road  train  of  trailers,  and  these  have 
worked  out  so  well  that  they  are  finding  ready  sale.  Many 
truck  users  have  disregarded  the  cautions  of  the  truck  maker 
and  have  used  four-wheel  trailers,  thus  practically  doubling  the 


Fig.  385. — Special  Coupler  Bar  Used  on  Troy  Trailers  Makes  for  Positive 

Control  When  Used  in  Trains. 
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carrying  ability  of  the  truck  and,  as  experience  shows,  with  no 
appreciable  injury  to  the  truck  mechanism  unless  the  combina- 
tion is  unreasonably  worked.  So  much  interest  now  prevails 
in  trailers  that  some  of  the  truck  makers  have  provided  towing 
hooks  and  have  strengthened  their  frame  construction  so  trailers 
may  be  used  without  injuring  the  towing  vehicle  chassis.  Of 


Fig.  386.— Typical  Trailer  Axle  for  Four- Wheel  Steer  Trailer  and  its 

Application  on  the  Troy  Product. 


course,  the  special  road  tractors  previously  described  are  built 
especially  for  this  work,  and  as  some  are  provided  with  winches 
driven  by  the  engine,  they  can  pull  their  loads  over  poor  roads 
and  up  grades  where  the  tractor  would  not  have  sufficient  trac- 
tion to  haul  them  in  the  conventional  manner. 

The  amount  a  truck  will  pull  when  used  as  a  tractor  or  in 
connection  with  trailers  depends  entirely  upon  the  power  avail- 
able and  the  character  of  the  highway  over  which  it  is  operated. 
The  Troy  Wagon  Works  Company  have  made  up  a  special 
chart,  to  permit  determining  the  drawbar  pull  of  any  truck  in 
order  to  estimate  the  load  it  will  draw  in  the  form  of  loaded 
trailers.  The  explanation  of  the  chart  which  is  shown  at  Fig. 
388  is  reproduced  from  the  "Commercial  Vehicle":  "To  get  the 
answer  you  must  know  the  bore  and  stroke  and  number  of  cyl- 


602  The  Motor  Truck  I 

inders  of  the  motor,  the  gear  ratio  and  the  rear  wheel  diameter 
By  using  the  tractive  force  chart  you  can  obtain  directly  the 
tractive  force  of  the  truck.  This  is  the  total  number  of  pounds 
push  which  the  rear  wheels  of  the  truck  can  be  expected  to 
exert  on  the  road  surface.  But  how  many  tons  will  this  force 
move?  Select  from  the  following  table  the  value  of  road  resist- 
ance, which  applies  in  the  case,  then  add  20  pounds  for  each 
per  cent,  of  grade  which  the  truck  must  climb,  and  the  total 
tractive  resistance  in  pounds  per  ton  results. 

TABLE  OF  ROAD  RESISTANCE  OF  RUBBER  TIRED 

TRUCKS  AND  TRAILERS 


Roarl  Resistance 

Type  of  Road  in  Lh*.   per  Ton 

Asphalt   20 

Smooth  brick    25  to  35 

Poor  brick,  ordinary  cobbles  or  macadam    35  to  60 

Hard,  dry  clay  road  or  hard  gravel  road...   50 

Soft  macadam    75 

Ordinary  country  clay  road    100 

Ordinary  country  sand  road    150 

Sand  3  inches  deep    275  to  300 


"Tractive  force  is  the  total  number  of  pounds  push  available: 
tractive  resistance  is  the  number  of  pounds  required  to  move 
1  ton.  By  division  the  total  number  of  tons  which  may  be 
moved  under  the  given  circumstances  is  ascertained.  If  the 
weight  of  the  truck  plus  the  weight  of  a  trailer  plus  the  weight 
of  the  loads  on  both  comes  out  less  than  the  number  of  tons 
which  the  calculation  shows  can  be  handled,  the  use  of  a  trailer 
is  advisable.  On  good  roads,  with  moderate  grades,  it  will 
often  be  found  that  two,  three  or  more  trailers  may  be  used 
with  proportionate  advantage.  Example:  A  5-ton  truck  has  a 
Dy  6>£-inch  four-cylinder  motor  and  36-inch  driving  wheels 
The  total  reduction  on  direct  drive  is  12  to  1  and  on  first  gear 
is  43  to  1. 

"From  the  chart  it  will  be  seen  that  the  available  tractive 
force  for  the  high  or  direct  drive  gear  reduction,  12  to  1,  is  1,040 
pounds,  and  for  the  low  gear  reduction.  43  to  1,  is  3,730  pounds 
In  reading  this  chart  it  should  be  noted  that  two  scales  have 
been  provided  for  the  total  gear  reduction,  one  marked  A  and 
the  other  B,  and  that  there  arc  also  two  scales  of  tractive  force 
marked  A  and  B.    When  the  gear  ratio  is  between  4  and  16 
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the  scale  marked  A  should  be  used,  and  when  the  gear  ratio  is 
between  16  and  64  the  scale  B  should  be  used.  The  truck,  say, 
for  example,  is  to  be  operated  over  a  good  crushed-stone  road, 
the  most  of  which  is  fairly  level,  but  with  one  grade  of  7  per 
cent.  The  road  resistance,  as  we  can  see  from  the  table,  will 
be  between  35  and  60  pounds  per  ton,  and  the  total  tractive  force 
required  on  the  7  per  cent,  grade  will  be;  using  the  higher  value 
of  road  resistance,  7  X  20  -f-  60  =  200  pounds  per  ton.  As  3,730 
pounds  are  available  on  first  gear,  then  3,730-=-  200  =  18.65  tons, 
which  may  be  moved  without  overloading,  the  motor.    If  the 


Fig.  387. — Troy  Trailer  with  Special  Dumping  Body  is  Useful  Equip- 
ment for  General  Contractors  Employed  in  Excavating  or  Road 
Building. 


r 

Digitized  by  Google 


603a 


The  Motor  Truck 


Tractive    Force  in  Pounds 


R-4 


LlL 


o  o 


h  »  n  ffi 
j  o  o  o 


o  o 


„  CD 

o  o 


v/1  O 

-j  01  1 J        a>  fvi  o>  o 
o  o  o  o  o  o  O 


R-16-64  a> 


—  r-J 
I  >  OB 

o  o 


I  ■  I  .  I  ■  I  .  1  ■  i  ■  I 


oooooooSooSoOo 

■  I  |  I  |  I  I  I  I  1  I  '  I  I  I  '  I  I  I  '  ■  j  I  '  I  I  I  '  I  '  I  '  I  '  ■  '  '  '  I  '  I  '■  '  I  '  I  ' 


O  o  o 




X»  <n 

o  c 


—  —  rsj  rJ 

'J  U3  a  w 

<fl  rO  OO  * 

O  O  o  ° 


A  cn 
CD  *. 
o  O 


M  M  W  W  W 
*J   CD  O  nj  W 

Q0   *   O  9^  N 


in  cr> 


u  jt  k   ^  ik  k  jt   *k  <_n  u>  ui  in  m  ui  o  «i  ^.  « 

«-»  X  «-»  «  r:  _  _      o  r->«-«r-iooo.-.<->oo 


CP    J>  o  o 


o  — 
o  o 


o  o  o  u 


— .    —   -    M  r)    N  M 

~  s  u>  o  -  ni  w 
°    O  O  O  O 


O  O 


oo°ooaoOooooo  o  o  o      °  o  ° 


O  o  c 


Fig.  388.— Chart  to  Determine  Drawbar  Pull  of  Motor  Trucks 
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Fig.  388 — Continued 
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weight  of  the  five-ton  truck  is  4y2  tons  and  the  weight  of  a 
five-ton  trailer  two  tons,  then  using  one  trailer  behind  the  truck 
with  capacity  loads  on  both,  the  weight  of  the  train  will  come 
to  l6l/2  tons. 

"As  this  comes  out  less  than  the  calculated  allowance,  the  use 
of  one  trailer  under  these  circumstances  is  advisable. 

"On  level  stretches  of  the  road  the  tractive  force  required  to 
tow  the  train  would  be 


l6l/2  X  GO  =  990  pounds 

or  50  pounds  less  than  the  available  force  on  direct  drive  of 
1,040  pounds.  It  must  be  remembered  that  the  chart  yaliies  are 
not  based  on  the  performance  of  a  new  truck  in  perfect  condi- 
tion,  but  on  the  performance  of  a  truck  that  has  seen  a  year 
or  so  of  hard  service,  butjwfuch  has  been  kept  in  good  condi- 
tion. The  chart  values  include  all  the  margin  of  safety  which 
is  necessary  under  average  conditions.  Sometimes  it  will  be 
found  that  the  motor  truck  is  geared  •  top  high  to  permit  the 
use  of  trailers,  even  though  conditions  are  such  that  a  considers- 
ble  economy  could  be  effected/ by  their  use.  In  such  cases  a 
lower  ratio  should  be  installed  in  the  truck.  As  a  general  thing, 
where  the  truck  manufacturers  offer  optional  ratios,  lower  than 
their  standard  ratios,  then  these  lower  ratios  should  be  specified 
when  ordering  a  new  truck  with  which  trailers  are  to  be  used, 
so  that  a  greater  tonnage  may  be  handled  on  the  trailers.  This 
applies,  of  course,  only  in  cases  where  total  tonnage  per  day. 
rather  than  speed  of  delivery,  is  the  chief  object." 

How  to  Use  Chart. — This  tractive  force  chart  for  motor  trucks 
is  based  on  the  formula: 

7  X  R  X  12 

T  =  0.55  X  D;  F  =—  

W 

when  R  is  the  total  gear  ratio,  F  is  the  tractive  force  in  pounds. 
W  is  the  driving  wheel  diameter  in  inches,  T  is  the  foot  pounds 
of  torque  and  D  is  the  cubic  inches  of  piston  displacement. 

This  chart  gives  the  working  value  of  the  tractive  force  which 
may  be  expected  from  a  truck  used  in  hard  commercial  service. 
A  new  truck  should  develop  a  maximum  tractive  force  50  per 
cent  greater  than  the  value  given  in  the  chart.  This  chart  is 
intended  for  chain,  bevel,  double-reduction  or  internal-gear- 
driven  trucks,  but  not  for  worm  drives. 
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Example — The  dash  line  traces  the  solution  of  the  following 
problem:  To  find  the  tractive  force  of  a  truck  having  a  41%r,- 
inch  bore,  a  6>£-inch  stroke  and  four  cylinders;  a  12  to  1  total 
gear-ratio  in  high  and  a  43  to  1  total  reduction  in  low: 

Solution — Starting  with  41%o  on  the  vertical  scale  to  the  right 
of  the  chart,  the  line  traces  diagonally  to  the  left,  parallel  with 
the  nearest  diagonal  line  to  the  intersection  with  the  vertical  line 
calibrated  for  6]/%  on  the  horizontal  scale  nearest  the  right.  From 
this  the  line  follows  parallel  with  the  nearest  horizontal  line  to 
the  left,  reading  257  feet-pounds  of  torque  on  the  vertical  scale. 
Starting  with  the  same  257  on  the  torque  scale  opposite,  the 
line  traces  diagonally  to  the  left,  parallel  with  the  diagonal,  to 
the  Vertical  line  calibrated  on  the  high-gear  scale  for  12,  repre- 
senting a  reduction  of  12  to  1.  From  here  the  nearest  horizon- 
tal is  followed  to  the  left  until  it  strikes  the  third  section  of  the 
chart,  where  it  continues  diagonally  to  the  left,  parallel  with  the 
nearest  diagonal  line,  to  its  intersection  with  the  vertical  line 
calibrated  36,  for  36-inch  rear  wheels.  From  thence  it  follows 
the  nearest  horizontal  line  to  the  vertical  scale  at  the  extreme 
left.  The  answer  is  read  oh  the  A  scale,  to  correspond  with  the 
gear-ratio  scale  used  for  high  gear.  The  low-gear  tractive  force 
is  found  on  the  B  scale  in  both  instances. 

Answer — The  answer  is  read  directly:  1,040  pounds  for  high 
gear  and  3,730  pounds  for  low  gear. 

Grade  Determination. — A  writer  in  the  "Automobile"  explains 
the  various  methods  of  grade  determination  so  clearly  that  any 
motorist,  even  if  not  familiar  with  geometry,  can  follow  the  dis- 
cussion which  refers  to  the  diagram  shown  in  Fig.  390.  The 
matter  of  grade  determination  is  an  important  one  and  many 
loose  and  incorrect  statements  are  made  that  are  based  on  in- 
correct information.  The  line  A-F  is  approximately  the  steepest 
grade  that  an  automobile  is  expected  to  ascend.  Very  few  can 
do  better  and  many  will  not  reach  it.  An  engineer  would  de- 
scribe it  as  60  in  100.  It  is  also  properly  to  be  described  as  a 
50  per  cent  grade,  because  the  perpendicular  drop  from  the 
point  K  is  exactly  half  the  length  of  the  line  A-K,  and  it  can 
also  properly  be  described  as  a  grade  which  makes  with  the 
horizontal  an  angle  of  30  degrees  of  arc.  The  45-degree  line 
from  A  to  L  is  drawn  as  a  matter  of  interest,  because,  from  an 
engineer's  standpoint,  the  horizontal  distance  and  the  rise  being 
equal,  it  is  properly  described  as  1  in  1  or  100  in  100  and  it 
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is  very  improperly  described  as  a  100  per  cent  grade,  which  it 
is  not.  It  is,  in  fact,  approximately  a  71  per  cent  grade.  It 
should  be  here  said  that  the  degrees  are  only  approximately 
correct,  and  this  is  true  also  of  all  the  figures  relating  to  the 
grades  of  5,  10  and  15  per  cent,  the  errors  being  too  slight  to 


Fig.  390. — Diagram  Showing  Three  Methods  of  Describing  Grades  so 
the  Relation  Between  Angles,  Per  Cent,  and  Rise  Per  Hundred  Feet 
Can  Be  Readily  Understood. 


be  noted.  The  absurdity  of  calling  the  45-degree  grade  a  100 
per  cent  grade  is  brought  out  by  considering  that  it  is  perfectly 
l>ossible  to  have  steeper  grades,  as,  for  example,  railroad  em- 
bankments, so  that  one  would  proceed  to  150  and  200  per  cent 
grades,  and  at  the  point  where  the  slope  merges  into  the  per- 
pendicular, under  this  system  of  nomenclature,  the  grade  be- 
comes infinite. 

On  the  other  hand,  there  arc  very  strong  reasons  for  applying 
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the  per  cent  term  to  the  grades  that  are  designated  by  measuring 
along  the  slope  and  comparing  that  with  the  perpendicular.  The 
horizontal  is,  of  course,  a  zero  grade.  As  the  perpendicular  is 
approached,  the  grade  per  cent  increases  to  90  per  cent  and 
above,  but  at  the  point  where  the  perpendicular  is  reached  the 
grade  is  100  per  cent.  In  other  words,  it  is  all  grade  and  no 
horizontal  advance.  There  is  also  the  additional  reason  for  using 
the  per  cent  term,  that  where  the  weight  of  a  vehicle  is  expressed 
in  tons  of  2,000  pounds,  each  rise  of  one  per  cent  of  grade  re- 
quires an  addition  of  20  pounds  of  engine  torque  per  ton  to 
overcome  it.  This  is  to  say.  if  a  car  is  proceeding  on  the  level 
and  comes  to  a  10  per  cent  grade,  its  reserve  torque  must  be  at 
least  200  pounds  per  ton  to  carry  it  up  the  grade.  If  the  grade 
increases  to  15  per  cent  an  additional  100  pounds  is  needed,  and 
so  on. 

Fortunately,  for  the  average  owner  the  practical  difference 
between  15  per  cent  and  15  in  a  hundred  and  any  lesser  grade 
is  too  slight  to  take  into  account,  and  on  the  main  highways  a 
grade  exceeding  15  per  cent  is  scarcely  ever  met  with.  It  is 
said  that  the  grade  up  Pike's  Peak  does  not  exceed  10  per  cent 
at  any  point.  Occasionally  on  back  roads  20  per  cent  or  25  per 
cent  grades  may  be  encountered,  but  in  those  cases  it  is  fre- 
quently the  bad  character  of  the  road-bed  that  troubles  the 
driver  quite  as  much  as  the  steepness,  or  degree  of  incline,  of 
the  road.  The  average  automobile,  if  in  good  condition,  should 
be  able  to  surmount  a  7  or  8  per  cent  grade  on  high  gear.  The 
effect  of  reduction  to  low  gear  and  the  enormous  increase  in 
reserve  torque  applicable  to  the  surmounting  of  hills  are  illus- 
trated when  one  multiplies  40  or  50  per  cent  of  grade  by  the 
20  pounds  for  each  per  cent  of  rise  and  finds  that  for  the  weight 
of  his  car  in  tons  the  engine  must  furnish  on  account  of  grade 
alone  800  to  1,000  pounds  respectively  of  energy,  a  very  con- 
siderable expenditure. 
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ROAD  TROUBLES  AND  TRUCK  MAINTENANCE 

Suggestions  for  Packard  Truck  Drivers — Cold  Weather  Procedure — 
Cranking  in  Cold  Weather — Auxiliary  Air  Valve  Adjustments — 
Stopping  the  Motor — Anti-freezing  Mixture — Cooling,  Lubrication 
and  Driving  Comfort  of  Mack  A.  C.  Trucks  in  Hot  Weather— How 
to  Care  for  Mack  Trucks  Left  in  the  Open  in  Freezing  Weather- 
Cold  Weather  Hints— Care  of  Truck  Springs — Practical  Negatives 
— Engine  Troubles  —  Noises  and  What  They  Indicate  —  Sounds 
Caused  by  Loose  Bearings — Cause  of  Lost  Power — Overheating — 
Muffler  Explosions — Difficult  Starting — Starting  Impossible — Miss- 
ing Fire — Chart  for  Engine  Troubles — Engine  Will  Not  Start — 
Engine  Misfires,  Idling — Engine  Misfires,  Pulling  Hard  at  Low 
Speed — Engine  Misfires  at  High  Speed — Pierce  Gasoline  System  and 
Carburetor  —  Rikcr  Gasoline  Supply  —  Riker  Carburetor  Adjust- 
ments— Carburetor  Troubles — Maxwell  Truck  Electrical  Circuits — 
Charging  Circuit — Ignition  Circuit — Lighting  Circuit — Horn  Circuit 
— Reo  Speed  Wagon  Electrical  System — Riker  Ignition  System  Main- 
tenance— Riker  Electric  Equipment — Generator  Battery  Circuit — 
Light  Circuits — Starting  System  Parts — Lighting  and  Starting  Sys- 
tem— Delco  Faults — Two  Unit  System — Use  of  Test  Lamp — Clean- 
ing Lamps — Starting  System  Don'ts — Care  of  Storage  Battery- 
Inspection  and  Care  of  Dynamo  and  Motor — Lamp  Troubles  and 
Their  Causes — Washing  and  Cleaning  Trucks. 

Suggestions  to  Packard  Truck  Drivers. — Packard  trucks  are 
shipped  from  the  factory  properly  adjusted  and  ready  for  serv- 
ice. It  is  very  important  that  careful  attention  be  given  to  peri- 
neal inspection  and  lubrication  as  outlined.  Adjustments  will, 
of  course,  be  necessary  from  time  to  time  to  compensate  for 
natural  wear,  and  such  adjustments  should  be  made  as  soon  as 
they  are  necessary,  as  otherwise  excessive  wear  will  be  the 
result.  Two  views  of  a  typical  Packard  truck  chassis  are  given 
at  Figs.  391  and  392. 

The  following  information  will  show  some  of  the  symptoms 
resulting  from  misadjustments  and  also  some  of  the  minor 
troubles  that  are  most  apt  to  occur  in  a  motor  vehicle.  The 
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possible  causes  of  these  disturbances  are  also  given,  with  sugges- 
tions for  remedying  them,  but  in  case  it  should  prove  impossible 
for  the  operator  of  the  truck  to  overcome  the  difficulty  by  the 
aid  of  these  suggestions,  the  matter  should  be  taken  up  at  once 
with  an  authorized  Packard  mechanic. 

Motor  Misses. — Carburetor  improperly  adjusted.  Correct  the 
setting  of  air  and  gas  lever  on  control  board. 

Spark  plugs  improperly  adjusted,  porcelains  broken  or  points 
carbonized.  Each  plug  may  be  tested  separately  by  making  a 
metal  contact  between  spark  plug  body  and  cylinder.  If  the 
short  circuiting  of  any  plug  causes  the  motor  to  fire  regularly 
«>n  but  three  cylinders,  that  plug  is  very  likely  at  fault.  See  fur- 
ther directions.  Valves  improperly  adjusted  or  carbonized.  Mag- 
neto dirty  or  improperly  adjusted.  Remove  distributor  plate 
and  clean  high  tension  distributor  board.  Clean  interrupter 
housing  cover  and  make  sure  that  there  is  no  carbon  deposit 
between  brass  segments.  See  that  all  carbon  brushes  make  good 
contact. 

Ignition  Circuits  Defective. — Inspect  for  loose  or  broken  con- 
nections, short  circuits,  etc. 

Water  in  Carburetor. — Drain  off  through  gasoline  supply  line 
strainer  and  carburetor,  filter  well  drain  outlet,  also  drain  water 
from  gasoline  tank. 

No  air  pressure. 

Motor  Cold. — Usually  overcome  after  a  moment's  running. 
Backfires  Through  Carburetor. — Gasoline  mixture  too  lean. 
Set  air  and  gas  lever  on  control  board  near  "Gas." 

No  Pressure  in  Gasoline  Tank. — Gasoline  tank  empty. 
Inlet  Valves  Not  Seating  Properly. 

Water  in  Carburetor. — Remove  through  gasoline  supply  line 
trainer,  carburetor  filter,  well  drain  outlet  and  gasoline  tank 
draincock. 

Motor  Lacks  Power 

Cylinders  carbonized. 
Valves  not  seating  properly. 
Carburetor  improperly  adjusted. 

Correct  the  setting  of  the  air  and  gas  lever  on  control 
board. 
Improper  spark  timing. 
Insufficient  lubrication. 
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Fig.  392.— Plan  View  of  Typical  Motor  Truck  Chassis,  Showing  Applica- 
tion of  Top  Worm  Drive  Axle  and  Gear  Box  Mounted  Independently 
of  Power  Plant. 
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Motor  overheated. 

Possible  causes  and  remedies  given  below. 
Governor  connections  sticky. 

Free  up  and  lubricate. 
Magneto  weak. 

Consult  a  magneto  expert. 
Brakes  dragging. 

See  instructions  for  adjusting. 

Motor  Knocks 

• 

Too  much  spark  advance. 
Cylinders  carbonized. 
Motor  badly  overheated. 

Possible  causes  given  below. 
Loose  bearings. 

Consult  an  authorized  Packard  mechanic. 

Motor  Overheats 

Running  on  too  rich  a  mixture. 
Xot  enough  spark  advance. 
Cylinders  carbonized. 
Fan  belt  improperly  adjusted. 
Radiator  not  full. 

Anti-freeze  in  radiator  in  warm  weather. 
Insufficient  lubrication. 

Radiator  or  cylinder  water  jacket  clogged  with  scale  or  rust. 

Motor  Stops  or  Fails  to  Start 

Xo  air  pressure. 

Gasoline  supply  shut  off  or  tank  empty. 
Carburetor  flooded  or  improperly  adjusted. 

Correct  'setting  of  air  and  gas  lever  on  control  board. 
Water  in  gasoline. 

Drain  from  gasoline  supply  line  strainer,  carburetor 
filter  well  and  gasoline  tank. 
Xo  spark  at  plugs. 

See  possible  causes  under  heading  "Motor  Misses." 

Motor  Won't  Stop 

Magneto  interrupter  brushes  not  making  contact. 
Remove  cover,  clean,  and  if  necessary,  adjust. 
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Wire  connections  broken  between  coil  and  magneto  inter- 
rupter posts. 

No  contact  at  coil  switch. 

Oil  Pressure  Low 

Not  enough  oil  in  crankcase. 

Refill  to  petcock  level  immediately. 
Relief  valve  improperly  adjusted. 
Oil  pump  or  relief  valve  screens  dirty. 

Remove  and  clean. 
Relief  valve  not  seating  properly. 

Determine  and  remove  cause. 
Pump  not  working  or  bearings  badly  worn. 

Consult  an  authorized  Packard  mechanic. 

Oil  Pressure  Too  High 

Oil  cold. 

Pressure  will  decrease  after  motor  has  run  a  few  mo- 
ments. 

Relief  valve  improperly  adjusted. 

Gasoline  Pressure  Won't  Hold  Up 

Leak  in  tank  or  air  line. 

Relief  valve  in  pump  improperly  adjusted  or  seat  dirty. 

Clutch  Slips 

Pedal  striking  floor  board. 
Oil  on  plates. 

Clean  plates  with  gasoline. 
Clutch  facing  worn  out. 

Replace. 

Clutch  Grabs 

Shifter  bearing  sticky. 
Lubricate  thoroughly. 

» 

Gears  Clash  When  Shifting 

Clutch  brake  improperly  adjusted. 
Motor  running  too  fast. 

Reduce  speed  by  closing  throttle. 
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Clutch  does  not  fully  release. 

Improper  adjustment  of  pedal. 
Oil  thick  in  transmission  case. 

Brakes  Won't  Hold 

Shoes  improperly  adjusted. 

Brake  rods  or  pedal  striking  obstruction. 

Locate  and  make  correct  adjustments. 
Oil  on  lining. 

Remove  with  gasoline. 
Lining  worn  out. 

Replace. 

Cold  Weather  Procedure  with  Packard  Trucks. — During  cold 
weather  it  is  necessary  to  pay  more  particular  attention  to  the 
setting  of  the  carburetor  air  and  gas  lever  on  the  control  board, 
in  order  to  produce  a  mixture  which  will  be  easily  ignitable  at 
the  lower  atmospheric  temperatures.  In  extremely  cold  weather 
it  is  also  desirable  to  conserve  as  much  of  the  heat  generated 
by  the  motor  as  possible  by  the  use  of  radiator  and  hood  covers. 

The  motor  will  run  most  efficiently  during  cold  weather  when 
the  heat  under  the  hood  approaches  the  same  temperature  as 
attained  during  the  summer  running. 

Cranking  in  Cold  Weather. — Move  the  air  and  gas  lever  on 
the  control  board  all  the  way  over  to  "Gas"  and  crank  the  motor 
in  the  usual  way,  gradually  moving  the  lever  back  a  few  notches 
toward  "Air"  after  the  motor  is  started.  In  extremely  cold 
weather  it  may  also  be  necessary  to  pull  forward  the  button  that 
is  below  the  radiator  at  the  right  side.  This  shuts  off  the  air 
in  both  primary  and  auxiliary  intakes,  thus  causing  a  very  rich 
mixture  to  be  drawn  into  the  cylinders.  After  the  motor  is 
started  this  button  should  be  pushed  back  into  position  imme- 
diately. When  the  truck  is  equipped  with  an  electric  starter, 
use  the  button  in  the  center  of  the  control  board.  Without  cau- 
tion in  warm  weather  or  if  the  motor  is  warm,  the  mixture  may 
be  so  rich  if  the  button  is  pulled  out  that  the  charge  will  not 
ignite. 

Auxiliary  Air  Valve  Adjustments. — No  hard  and  fast  rule  can 
be  followed  for  the  setting  of  the  lever.  It  will  be  necessary  to 
vary  the  setting  to  compensate  for  different  atmospheric  con- 
ditions and  the  temperature  of  the  motor.    Make  a  careful  study 
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of  the  manipulation  of  this  lever,  as  experience  will  d  .ate  better 
than  anything  else  the  proper  running  positions.  Bear  in  mind, 
however,  that  even  though  a  richer  mixture  is  required,  while 
the  motor  is  cold  than  after  it  has  become  warm  by  running,  it 
should  be -given  as  much  air  as  it  will  take.  Too  much  air  will 
cause  a  pop-back  in  the  carburetor. 

Always  idle  a  cold  motor  after  it  has  been  started  before  run- 
ning the  truck.  The  heat  thus  generated  will  allow  the  motor 
to  run  on  a  leaner  mixture  and  will  insure  the  greatest  possible 
gasoline  efficiency,  together  with  the  most  satisfactory  lubrica- 


Fig.  392A. — Truck  Equipped  with  Special  Swinging  Crane  is  Useful  for 
Handling  Heavy  Loads  and  Also  for  Removing  Truck  Engines  from 
Other  Machines. 


tion.  If  the  truck  is  operated  with  the  carburetor  adjusting 
lever  at  or  near  the  "Choke"  position,  it  will  cause  a  waste  of 
gasoline,  an  accumulation  of  carbon,  and  other  unsatisfactory 
results. 

Stopping  the  Motor. — Before  stopping  the  motor  in  cold 
weather,  close  the  throttle  to  reduce  the  speed  and  then  move  the 
auxiliary  air  valve  adjusting  lever  on  the  throttle  board  all  the* 
way  over  to  "Gas"  before  turning  ignition  switch  to  "O."  This 
produces  a  very  rich  mixture  which  will  assist  in  starting  the 
motor  the  next  time. 

Priming  the  Motor. — If  the  motor  is  too  cold  to  start  by  any 
of  the  above  methods,  inject  a  small  quantity  of  gasoline  into 
each  of  the  cylinders  through  the  priming  cocks.  This  provides 
an  initial  charge  for  starting. 
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Water  in  Oil. — At  frequent  intervals  the  crankcase  should  be 
drained  to  be  sure  no  water  is  present.  If  this  is  not  done  the 
oil  pump  screen  will  become  frozen  and  the  pump  inoperative, 
thus  preventing  oil  circulation. 

Draining  Water  System.— If  the  truck  is  not  to  be  used  during 
freezing  weather,  the  water  circulation  system  should  be  thor- 
oughly drained. 

Anti-Freezing  Mixture.  —  During  freezing  weather  fill  the 
water  circulation  system  with  one  of  the  following  anti-freezing 
solutions : 

For  a  temperature  not  lower  than  five  degrees  below  zero: 

.  .  ... 

Alcohol   15  per  cent 

Glycerine   1   15  per  cent 

Water   70  per  cent 


For  a  temperature  not  lower  than  15  degrees  below  zero: 


Alcohol  should  be  added  occasionally  to  make  up  for  evapora- 
tion. The  glycerine  does  not  evaporate.  The  above  solution 
has  been  found  to  be  entirely  practical  and  is  the  best  for  sev- 
eral reasons.  A  simple  solution  of  alcohol,  while  it  is  not  in- 
jurious in  any  way,  lowers  the  boiling  point  of  the  water.  Con- 
sequently, on  warm  days,  with  the  car  standing  and  the  motor 
running,  the  solution  will  tend  to  boil  easily  and  evaporate. 
The  boiling  point  of  denatured  alcohol  is  about  10  degrees  higher 
than  that  of  wood  alcohol.  The  use  of  glycerine  raises  the  boil- 
ing point  of  the  solution.  It  is  more  expensive  than  alcohol 
and  is  slightly  injurious  to  rubber.  All  things  considered,  a 
combination  solution  of  alcohol  and  glycerine  in  water  is  the 
most  satisfactory.  It  is  best  not  to  use  a  solution  of  calcium 
chloride  or  any  alkaline  solution,  these  being  injurious  to  the 
metal  parts. 

If  unable  to  obtain  glycerine,  a  solution  of  thirty  per  cent, 
alcohol  and  seventy  per  cent,  water  can  be  used.  The  boiling 
point  of  this  solution  is  higher  than  the  glycerine-alcohol  solu- 
tion, and  new  alcohol  must  be  added  to  make  up  for  evaporation. 


Alcohol 
Glycerine 
Water  . . 


17  per  cent 
17  per  cent 
66  per  cent 
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It  is  a  good  plan  to  occasionally  test  the  solution  by  drawing 
a  small  quantity  from  the  radiator  and  allowing  it  to  stand  out- 
side.   If  it  thickens,  new  alcohol  should  be  added. 
The  capacities  of  the  cooling  systems  are: 

Model  Capacity  Model  Capacity 

1-  ton   7%  gals.      4-ton   9J4  gals. 

lj^-ton   7%  gals.      5-ton   9#  gals. 

2-  ton   7l/2  gals.      6-ton   gals. 

3-  ton   7l/2  gals. 


If  the  radiator  should  become  frozen  on  account  of  not  con- 
taining the  proper  solution,  do  not  run  the*  motor  until  full  cir- 
culation has  been  started.  It  is  not  possible  to  thaw  a  radiator 
by  running  the  motor,  because  by  doing  so  the  current  of  air 
drawn  by  the  fan  may  cause  it  to  freeze  up  more  solidly. 

COOLING,  LUBRICATION  AND  DRIVING  COMFORT  OF 
MACK  AC  TRUCKS  IN  HOT  WEATHER 

General  Suggestions. — In  hot  weather  and  in  hot  climates, 
proper  cooling,  lubrication  and  comfort  for  the  driver  can  onh 
be  attained  by  particular  care  of  those  portions  of  the  chassis 
upon  which  these  functions  depend.  The  cooling  system  of  the 
Mack  AC  truck  differs  in  many  ways  from  the  conventional  form 
and  to  secure  the  superior  results  of  which  it  is  capable,  it  i> 
necessary  that  the  operator  understand  it  first  of  all,  and  then 
that  he  give  it  the  amount  of  care  which  the  importance  oi 
its  function  warrants.  Pie  must  not  expect  the  truck  to  labor 
in  low  gear  up  long  grades  or  through  deep  sand,  perhaps  with 
a  trailer  in  tow  and  still  keep  cool  if  a  carbon  deposit  is  permitted 
to  accumulate  in  the  cylinders;  if  insufficient  water  is  put  in  the 
radiator;  if  the  oil  level  is  low  or  the  oil  is  of  the  wrong  kind 
A  little  forethought  and  a  disposition  to  make  sure  of  thing- 
rather  than  taking  them  for  granted  will  be  repaid  by  efficient 
work  by  the  truck  under  the  most  trying  conditions. 

Carburetor. — At  the  beginning  of  a  season  of  hot  weather  it  is 
ordinarily  necessary  to  change  the  carburetor  adjustment,  that 
for  summer  being  usually  a  trifle  leaner  than  that  for  winter. 
Overheating  is  sure  to  result  if  the  carburetor  is  improperly  ad- 
justed.   Great  care  should  be  taken  that  the  adjustment,  when 
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made,  is  correct  and  then  it  should  be  left  alone.  It  is  impossible 
to  maintain  the  proper  carburetor  adjustment  if  the  driver  tinkers 
with  it  every  time  the  engine  shows  the  least  irregularity  of 
running.  • 

Timing. — Timing  has  an  important  bearing  on  cooling.  The 
timing  of  the  valves  and  magneto  are  plainly  marked  on  the 
flywheel,  and  if  anything  like  reasonable  caution  is  exercised 
in  assembling  the  engine  after  an  overhaul,  it  will  be  properly 
timed. 

In  very  hot  climates  where  temperatures  are  excessive  for 
any  considerable  part  of  the  year,  the  engine  may  be  made 
to  run  cooler,  but  at  a  slight  sacrifice  of  power,  by  setting  the 
camshaft  one  tooth  ahead  (early)  on  the  timing  gears,  so  that 
the  exhaust  valve  opens  earlier. 

Ignition. — A  weak  spark,  due  to  excessive  lubrication  of  the 
magneto,  dirty  breaker  or  distributor  or  weak  magnets,  or  at- 
tempting to  run  on  the  starting  battery  will  have  an  effect  similar 
to  late  spark  timing  and  overheating  will  result. 

Driving. — In  negotiating  difficult  grades,  many  drivers  permit 
the  engine  to  labor  in  high  to  a  point  just  short  of  stalling  when 
if  they  dropped  into  intermediate  they  could  make  the  grade 
at  greater  speed  arid  less  consumption  of  fuel.  Furthermore, 
contrary  to  popular  supposition,  the  engine  will  cool  better  if 
it  is  not  obliged  to  labor  excessively. 

Exhaust.— Overheating  can  take  place  when  there  is  no  defect 
in  the  cooling  system  proper  whatever,  and  it  is  only  justice  t<» 
the  manufacturer  and  to  oneself  to  eliminate  all  external  causes 
first.  Forty  per  cent,  of  the  heat  of  combustion  must  escape- 
through  the  exhaust.  It  follows,  therefore,  that  if  any  part  of 
the  exhaust  system  is  impeded,  a  part  of  this  heat  must  be 
carried  off  by  the  cooling  water,  which  will  naturally  raise  the 
temperature  above  the  safe  limit. 

Restriction  in  the  exhaust  system  may  exist  in  the  form  of 
carbon  deposit  in  the  exhaust  manifold  or  (rarely)  an  undiscov- 
ered fin  on  the  casting.  Sometimes  the  exhaust  pipe  and  muffler, 
too,  become  clogged  with  soot.  Care  should  be  observed  that 
the  gaskets  between  the  muffler  and  exhaust  pipe  do  not  over- 
hang and  thereby  restrict  the  opening.  Mud  should  not  be  al- 
lowed to  cake  on  the  outside  of  the  muffler  or  to  clog  the  outlet. 

Valve  Tappets. — Overheating  is  almost  sure  to  result  if  the 
valve  tappets  are  improperly  adjusted.    These  should  have  0.005 
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to  0.006  inch  clearance,  which  in  an  emergency  may  be  gauged 
temporarily  by  an  ordinary  business  card. 

Water  System. — The  return  water  pipe  from  the  radiator  to 
the  pump  crosses  the  exhaust  pipe  at  the  rear  of  the  engine 
As  sent  out  from  the  factory,  these  pipes  are  at  least  two  inche? 
from  each  other,  but  it  sometimes  happens  that  in  making  repair* 
on  the  engine  they  are  assembled  so  that  they  touch.  This  nat- 
urally causes  the  water  to  heat  up. 

In  some  cases  it  is  advisable  to  wrap  the  return  water  pipe  with 
asbestos  to  prevent  absorption  of  heat  from  the  exhaust  pipe. 

In  replacing  the  cylinder  water  covers,  white  lead  is  usually 
applied  to  the  gaskets.  If  care  is  not  taken  in  this  operation, 
some  of  the  white  lead  will  get  inside  the  cylinder  jackets.  Thi> 
should  not  be  allowed  to  occur,  as  the  white  lead  will  deposit 
on  the  side  of  the  jacket  and  interfere  with  cooling  or  it  will 
be  carried  along  with  the  water,  stopping  up  one  of  the  radiator 
tubes  or  small  cavities  in  the  water  jackets. 

To  secure  proper  results  it  is  necessary  that  the  radiator  be 
filled  as  full  as  possible.  This  means  that  the  level  will  be  up 
to  the  base  of  the  radiator  filler.  It  is  for  this  reason  that  the 
overflow  pipe  is  carried  up  to  this  level.  It  should  not  be  allowed 
to  bend  down  below  this  level  or  it  will  drain  the  water  below 
the  proper  level. 

If  the  overflow  pipe  is  allowed  to  become  clogged  or  flattened 
by  a  blow  or  kink,  steam  will  form  in  the  top  tank,  under  low 
pressure,  which  will  not  only  lower  the  efficiency  of  the  cooling 
system,  but  may  blow  the  gaskets  and  hose  connections  in  vari- 
ous parts  of  the  cooling  system  or  prevent  circulation  by  forming 
a  steam  lock. 

Hose  Connections. — Only  the  best  quality  of  rubber  hose 
should  be  used  for  the  water  connections,  such  as  is  originally 
installed  on  the  engine.  In  making  replacements,  the  best  plan 
is  to  purchase  hose  ready  cut  to  the  proper  lengths  from  the 
International  Motor  Co.  The  inside  tubing  of  cheap  hose  is  apt 
to  dissolve,  the  rubber  particles  being  carried  along  with  the 
water  and  clogging  up  the  radiator  tubes.  Hose  without  rubber 
inner  lining  is  apt  to  give  trouble  from  the  fabric  becoming  loose 
and  flapping  over  the  opening,  shutting  off  the  water. 

In  the  spring  it  is  well  to  go  over  the  hose  connections  care- 
fully, as  some  anti-freeze  solutions  have  a  deleterious  effect  upon 
rubber. 
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Use  Only  Clean  Water— In  filling  the  radiator  only  clean 
water  should  be  used.  If  necessary,  the  water  should  be  strained 
through  cloth  where  none  but  dirty  water  is  obtainable.  Above 
all,  water  containing  oil  should  be  avoided  and  water  buckets 
in  which  oil  has  been  kept  should  not  be  used. 

Inspect  Pump. — Upon  occasions  when  it  is  necessary  to  re- 
place the  water  pump  packing  it  would  be  well  to  dis-assemble 
the  pump  and  look  for  dirt  or  fins  on  the  casing  or  rotor.  The 
rotor  especially  should  be  bright  and  smooth. 

Radiator. — Equally  important  as  good  water  circulation  and 
clean  surfaces  within  the  water  system  is  good  air  circulation 
and  clean  radiating  surfaces.  The  air  screens  at  the  sides  of 
the  radiator  should  not  be  obstructed.  The  circular  screen  at 
the  nose  of  the  hood  should  not  be  covered  with  the  license  plate. 
The  screen  on  the  inside  of  the  dash  should  not  be  covered  in 
hot  weather,  as  half  of  the  air  is  drawn  through  this. 

The  outsides  of  the  radiator  tubes  should  be  kept  clean.  One 
cause  of  their  accumulating  dirt,  in  some  instances,  is  excessive 
greasing  of  the  blower.  The  grease  cup  should  never  be  turned 
up  so  much  that  grease  oozes  from  the  bearings,  for  this  will 
be  thrown  ofT  by  the  blower  and  will  lodge  on  the  radiator  tubes, 
collecting  dirt.  If  the  packing  on  the  fan  bearings  is  worn, 
grease  will  pass  and  be  thrown.  The  radiator  tubes  may  be 
cleaned  by  softening  with  water  and  then  blowing  out  with  com- 
pressed air.  If  the  deposit  is  of  grease  a  little  gasoline  may  be 
needed  to  soften  it. 

It  is  important  that  the  fan  belt  be  kept  to  the  proper  tension 
and  that  it  be  held  in  line,  so  that  it  will  run  evenly. 

Radiator  Tubes. — The  radiator  core  comprises  374  copper 
tubes,  in  two  semi-circular  units  containing  187  each.  Occasion- 
ally, when  very  hard  water  is  used,  these  become  clogged  with 
mineral  deposit.  On  the  Pacific  Coast,  where  the  alkali  water 
contains  a  great  deal  of  deposit-forming  mineral,  a  special  core 
of  large  finned  tubes  is  supplied,  but  elsewhere  plain  copper 
tubes  are  used.  The  use  of  anti-freeze  solutions,  natural  corro- 
sion and  rust,  leak-sealing  compounds  and  the  disintegration 
of  hose  connections,  all  contribute  in  time  to  filling  up  the  radia- 
tor tubes,  at  which  time  it  is  necessary  to  cleanse  them. 

Local  dealers  in  boiler  compounds  can  usually  recommend  a 
scale  compound,  especially  formulated  for  the  type  of  water 
which  is  prevalent  in  the  locality  which  will  <ervc. 
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Another  method  which  has  given  good  results  in  past  seasons 
is  the  following: 

Introduce  the  following  solutions  into  the  cooling  system: 
A — An  acid  solution,  consisting  of  4  fluid  ounces,  sulphuric 

acid  (H0SO4)  in  10  gallons  of  water. 
B — A  caustic  solution,  consisting  of  3  ounces  of  caustic  soda 
and  3  ounces  of  carbonate  of  soda  or  soda  ash  in  10 
gallons  of  water. 

Great  care  must  be  exercised  in  handling  the  sulphuric  acid 
as  any  splashing  will  cause  severe  burns  wherever  the  flesh  is 
touched.    It  will  also  destroy  clothing  and  metals  of  all  sorts. 
Proceed  as  follows: 

1st — Drain  all  old  water  from  the  truck  by  opening  cock  at 
base  of  pump  and  removing  plugs  at  the  base  of  each  cylinder 
block,  on  left-hand  side. 

2nd — Close  cock  and  replace  plugs.  Fill  cooling  system  with 
acid  solution,  A.  Run  engine  at  moderate  speed  for  30  min- 
utes. Drain. 

3rd — Fill  with  clear  water,  run  5  minutes,  drain  off. 
4th — Fill  with  caustic  solution,  B.    Run  engine  at  moderate 
speed  for  30  minutes.  Drain. 

5th — Fill  with  clear  water,  run  20  minutes,  drain  off. 
6th — Fill  with  clear  water  and  operate  as  usual. 

In  case  one  or  more  of  the  tubes  is  found  to  be  completely 
clogged  with  foreign  matter,  remove  the  radiator  cap  and  top 
strainer  and  thrust  a  piece  of  stiff  wire  carefully  through  the 
tube.  It  will  be  found  that  every  tube  may  be  reached  through 
the  filler.  Care  must  be  exercised  in  this  operation  not  to  injure 
the  tubes  by  applying  too  much  pressure. 

Lubrication. — Not  all  of  the  cooling  of  an  engine  is  effected  by 
the  water,  but  the  lubricating  oil  plays  an  important  part,  since 
this  cools  the  bearings.  Provision  is  made  on  the  Mack  engine 
for  cooling  the  oil,  both  by  water  and  by  air.  The  reservoir  at 
the  side  of  the  front  cylinder  block  is  separated  from  the  cooling 
water  by  only  a  thin  iron  wall.  As  the  oil  in  the  crankcase 
reaches  much  higher  temperatures  than  the  water,  this  serves 
to  carry  away  some  of  the  surplus  heat  and  in  order  to  function 
properly  it  is  necessary  to  keep  the  walls  of  the  reservoir  clean 
The  other  cooling  feature  consists  of  fins  cast  on  the  aluminum 
oil  sump  at  the  bottom  of  the  engine.    These  fins  are  exposed 
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beneath  the  truck,  but  will  become  ineffective  if  permitted  to 
become  clogged  with  dirt  and  mud. 

The  oil  serves  to  cool  the  engine  in  two  ways,  first  by  con- 
ducting the  heat  away,  as  it  circulates,  and  second,  by  reducing 
the  frictional  heat  generated,  by  lubrication.  In  order  to  per- 
form the  latter  function  properly,  the  oil  must  be  clean,  of  the 
proper  consistency  and  up  to  the  proper  level  of  the  sump.  * 
Owing  to  the  poor  grade  of  fuel  we  are  at  present  obliged  to 
use  in  our  engines,  it  has  been  found  that  the  gasoline  washes 
the  lubricant  from  the  cylinder  walls  and  a  mixture  of  gasoline 
and  oil  runs  into  the  crankcase,  where  it  destroys  the  lubricating 
properties  of  the  oil  in  time.  For  this  reason  the  oil  in  the 
crankcase  should  be  drained  and  replaced  with  new  oil  every 
1,500  miles.  If  this  is  not  done  the  oil  will  be  unable  to  properly 
lubricate  the  rubbing  surfaces  and  heating  will  result. 

The  average  working  temperature  of  the  oil  in  summer  is 
higher  than  in  winter,  and  so  oil  of  the  same  body  will  be  thinner. 
Sometimes  it  is  advisable  to  use  a  grade  heavier  oil  in  summer, 
in  excessively  hot  spells  an  especially  heavy  grade  of  oil  may 
be  required  to  maintain  the  oil  at  the  proper  consistency  in 
operation.  Where  a  heavier  oil  is  used  care  should  be  taken 
not  to  work  the  engine  too  hard  before  it  has  warmed  up. 

Driver's  Comfort. — A  cool  and  comfortable  driver  is  able  to 
render  more  efficient  service  and  is  a  more  contented  one  than 
one  who  is  overheated  in  summer.  The  Mack  AC  cab  is  posi- 
tively ventilated  and  will  stay  cool  in  the  hottest  weather  if  it 
is  permitted  to  cool  itself  as  intended.  Half  the  intake  of  air 
into  the  blower  is  through  the  grating  on  the  inside  of  the  dash. 
However,  the  doors  of  the  cab  should  be  kept  closed  if  a  cool 
cab  is  desired,  since  the  hot  air  from  the  radiator  is  blown  out 
through  the  side  gratings  of  the  radiator,  and  if  the  doors  are 
left  open  it  will  blow  back  over  the  driver's  legs,  due  to  the  slight 
forward  angle  of  the  door  openings. 

HOW  TO  CARE  FOR  MACK  TRUCKS  LEFT  IN  THE  OPEN 

IN   FREEZING  WEATHER 

General. — In  freezing  weather  when  trucks  have  been  allowed 
to  stand  in  the  open  for  a  long  period  of  time,  the  following 
instructions  and  hints  should  be  adhered  to  if  serious  trouble 
and  inconvenience  would  be  avoided.    It  is  better  business  to 
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take  hours  getting  everything  ready  for  the  start  and  leave  the 
truck  intact  and  not  in  need  of  repairs  than  to  spend  only  a  few 
minutes  trying  to  get  started  quickly  and  paying  the  repair  bill 
afterward. 

If  truck  has  been  left  standing  in  snow  or  ice  and  the  wheels 
have  frozen  to  the  ground,  the  wheels  should  be  loosened  with 
a  crowbar  or  jack  and  the  truck  pushed  by  hand  or  toward  a 
few  feet  to  another  spot  before  starting,  but  under  no  circum- 
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Fig.  393.— Freezing 


Points  and  Specific  Gravity  of  Denatured  Alcohol 
or  Wood  Alcohol  Anti-Freezing  Solutions. 

stances  should  the  power  of  the  engine  be  used  to  start  the  truck, 
until  the  ice  joint  has  been  broken.  All  movable  connections, 
such  as  universal  joints,  brakes,  brake  connections  and  cams, 
clutch  connections,  brake  shafts,  clevises,  etc.,  that  may  be  frozen 
fast  should  be  broken  loose  with  kerosene  and  light  oil.  The 
power  of  the  engine  should  not  be  applied  for  this  purpose  as 
serious  clutch  or  bearing  trouble  or  breakage  may  result. 

What  to  Do  with  Engine. — A  frozen  engine  should  first  be 
freed  till  it  can  be  turned  over  by  hand  easily.  Open  the  cylin- 
der compression  cocks  and  prime  the  engine  with  gasoline  to 
remove  moisture  and  to  free  the  pistons,  turn  engine  over  by 
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hand  to  clean  out  gasoline,  then  with  an  oil  gun  squirt  light 
lubricating  oil  into  the  cylinders  to  replace  that  cut  by  the 
gasoline  and  to  prevent  scoring  the  cylinders.  Remove  the 
hand  hole  covers  from  the  crankcase  and  with  an  oil  gun  squirt 
light  lubricating  oil  into  the  main  bearings,  connecting  rod  bear- 
ings, wrist  pin  bearings  and  cam  shaft  bearings,  as  these  parts 
will  get  little  lubrication  till  the  congealed  oil  in  the  crankcase 
is  warmed. 

Warming  Up  Motor. — This  will  prevent  burned  out  bearings. 
Replace  the  covers  and  run  engine  slowly  until  it  is  heated  up. 

The  engine  will  not  heat  up  idling,  cover  front  of  radiator  and 
retard  spark  and  speed  up  gradually  for  about  ten  minutes.  Do 
not  race  engine,  especially  during  the  first  two  minutes. 

Lubrication. — Open  the  cylinder  oil  tank  cover  immediately 
after  engine  is  started  and  see  that  the  lubricating  oil  flows 
freely ;  if  not,  stop  the  engine  before  bearings  are  destroyed  or 
cylinders  scored  and  pour  light  lubricating  oil  into  the  engine 
through  the  cylinder  oil  tank.  Make  sure  that  the  oil  pump  is 
working;  if  necessary  remove  it  for  inspection. 

Fuel  System. — If  the  engine  is  hard  to  start,  pour  warm  water 
over  the  manifold  to  aid  vaporization  of  the  gasoline,  make  sure 
no  water  enters  auxiliary  air  valve,  pour  warm  water  over  the 
gasoline  pipe  to  warm  fuel.  If  water  has  frozen  in  the  gasoline 
tank,  gasoline  pipe  or  carburetor,  melt  it  by  applying  warm 
water,  then  drain  off  the  water  and  remove  and  clean  strainers 
in  gasoline  tank  and  carburetor.  Don't  crack  the  glass  float 
chamber  of  the  carburetor  by  pouring  boiling  water  over  it  and 
don't  flood  carburetor  with  water. 

All  gasoline  should  be  drained  from  the  fuel  system  if  truck 
is  to  be  allowed  to  remain  in  the  open  for  any  great  length  of 
time  to  prevent  the  freezing  of  any  water  that  may  be  contained 
in  the  fuel. 

Ignition  System. — Remove  the  spark  plugs  and  see  that  each 
sparks  properly  as  moisture  may  have  frozen  on  the  points, 
which  must  be  cleaned  off  as  it  causes  short-circuit.  Inspect 
magneto  terminals,  breaker  box  and  distributor  and  remove 
frozen  moisture  as  this  also  causes  short-circuit.  Inspect  all 
wires. 

Inspect  all  wires  to  see  that  they  are  not  short-circuited  by 
freezing.  Inspect  the  terminals  of  the  auxiliary  vibrating  coil 
and  clean  if  frozen  moisture  is  present. 
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Inspect  the  battery  and  see  that  it  is  not  short-circuited  by 
ice  formed  across  the  terminals.  If  the  engine  starts  hard,  it 
may  be  due  to  the  lowered  efficiency  of  a  cold  battery;  if  so, 
remove  it  and  place  it  in  a  warm  place. 

Cooling  System— Do  not  put  hot  water  in  the  cooling  system 
of  a  frozen  truck,  as  the  sudden  change  of  temperature  is  likely 
to  crack  the  cylinder  jacket  or  cause  leaks  elsewhere  in  the  sys- 
tem. Use  warm  water  until  the  temperature  of  the  cylinders 
has  risen  to  a  noticeable  degree.  When  operating  in  freezing 
weather,  put  alcohol  in  water  of  cooling  system. 

Trucks  should  not  be  allowed  to  remain  in  the  open  in  freez- 
ing weather,  without  first  draining  all  the  water  out  of  the 
cooling  system. 

The  diagram  at  Fig.  393  shows  graphically  the  freezing  points 
of  various  mixtures  of  alcohol  and  water  and  also  gives  the 
specific  gravity  for  varying  proportions. 

MODEL  OF  TRUCKS 


Lowest  Temperature 
Usual  in  Your 
Vicinity 

4-25 
+20 
-f  10 
0 

-10 

-20 
-30 


1,  |J4  or  2  Ton 
Mack 
(New  Model  "AB") 
5-Ton  Saurer 
6/j-Ton  Saurer 
I,  Wi  or  2  Ton 
Mack 
(Old  Model) 

Pints  of  Wood 
Alcohol  for 

Given 
Temperature 

2 
3 
6 
9 
12 
14 
•  10 

Approx. 
Capacity 
of  Coding 

System 
4l/2  gallons 


3,  4,  5,  or  7  "4  Ton 
Mack 
(Old  Style) 
3'/,.  SJi.  7V2  or 
10  Ton 
Hewitt 


Pints  of  Wood 
Alcohol  for 

(liven 
Temperature 

3 

4 

8 

12 

16 

19 

22 

Approx. 
Capacity 
of  Cooling 
System 
6  gallons 


3lA    SVt  or  7Vi 
(New 'Model  "AC" I 
Mack 


Pints  of  Wood 
Alcohol  for 

Given 
Temperature 

4 

•  7 
13 
19 
25 
31 
37 

Approx. 

Capacity 
of  Cooling 

System 
10  gallons 


■ 

Wood  Alcohol  Anti-Freezing  Mixture. — To  prevent  freezing 
of  cooling  water  in  Mack-Saurer  &  Hewitt  Trucks  add  the  quan- 
tity of  wood  alcohol  (in  pints)  as  indicated  in  column  under  the 
heading  "Model  of  Truck,"  opposite  the  temperature  correspond- 
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ing  to  the  lowest  usual  temperature  in  your  vicinity.  The  pro- 
portions recommended  can  be  used  in  any  truck  that  has  the 
approximate  capacity  of  the  models  given  in  the  table  on  page 

626. 

Add  more  alcohol  from  time  to  time  to  make  up  for  loss  by 
evaporation.  To  guard  against  freezing,  due  to  this  loss  by 
evaporation,  one  should  test  a  sample  of  the  mixture  with  a 
hydrometer  every  night  and  compare  it  with  similar  test  when 
mixture  was  first  made,  adding  wood  alcohol  to  bring  it  up  to 
the  first  reading. 

Transmission.— Pour  warm  water  over  the  transmission  case 
to  heat  the  gear  grease  so  that  it  will  soften  and  allow  the  gears 
to  turn  easily.  If  transmission  oil  is  hard,  soften  by  adding  one 
gallon  lubricating  oil. 

Put  the  gears  successively  in  all  speeds,  jack  up  the  rear  wheels 
and  turn  over  the  engine  by  hand  a  few  times  before  starting. 

Rear  Wheels. — Jack  up  one  rear  wheel  at  a  time,  put  the  gears 
in  neutral  and  turn  the  wheels  by  hand  a  few  times  to  free 
the  bearings,  the  drive  chains  and  the  differential. 

Clutch. — Move  the  clutch  pedal  forward  a  few  times,  first 
turning  the  grease  cup  and  oiling  the  pins  7AC18  with  kerosene 
and  light  oil.  Throw  out  the  clutch  pedal  and  turn  over  the 
motor  by  hand,  leaving  the  gears  in  speed  to  free  the  clutch 
lining  from  the  flywheel. 

Operation. — Do  not  drive  close  behind  another  truck  when 
operating  over  bad  roads.  This  is  particularly  important  when 
operating  truck  trains  or  when  operating  in  heavy  traffic  in 
storms  or  over  snow  or  ice-covered  roads  in  order  to  avoid 
collisions.  Do  not  operate  trucks  light  in  snow  or  ice,  use  skid 
chains  and  have  trucks  loaded. 

Cold  Weather  Hints 

Adapted  from  "Fighting  Snow,"  by  Fifth  Avenue  Coach  Company 

Radiators. — Protect  cooling  water  against  freezing,  (a)  Add 
alcohol  or  some  anti-freezing  solution  to  cooling  water;  or  (b) 
Heat  garage;  or  (c)  Draw  off  water  every  time  truck  is  left 
standing  with  stalled  engine  for  over  half  an  hour  outdoors. 

Traction. — When  snow  falls,  or  roads  are  icy,  equip  truck  with 
1  shovel,  1  small  pick,  1  box  of  sand,  12  skid  chains  for  rear 
wheels. 
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It  is  possible  to  operate  motor  trucks  successfully  on  snow 
and  icy  streets  provided  drivers  use  extreme  care  and  follow 
these  instructions. 

Stopping. — When  coming  to  a  standstill,  release  brakes  just 
before  coming  to  a  full  stop,  so  that  truck  will  roll  the  last  few 
inches. 

This  will  avoid  formation  of  ice  under  the  wheels  which  causes 
them  to  spin  when  starting. 

Important  Suggestions. — Start  slowly.  Do  not  attempt  to 
force  truck  ahead  faster  than  wheels  will  take  hold.  Spinning 
wheels,  with  or  without  chains,  will  not  send  truck  ahead  unless 
there  is  traction.  If  traction  is  lacking  get  out  with  shovel  and 
sand  and  make  it. 

Do  not,  under  any  circumstances,  grind  skid  chains  between 
rubber  tires  and  a  hard  road  surface.  Chains  are  intended  for 
use  in  soft  mud  or  snow.  When  the  wheels  cut  through  to  hard 
road  surface  remove  chains  at  once. 

Feed  small  amounts  of  gas,  let  clutch  in  slowly,  and  you  will 
find  that  wheels  do  not  spin.  Accelerate  gradually.  A  slippery 
road  surface  does  not  offer  the  resistance  of  a  dry  road,  and 
therefore  the  same  rate  of  acceleration  is  not  necessary  or  pos- 
sible, as  the  excess  acceleration  produces  spinning  wheels. 

Remember  that  the  amount  of  power  required  to  start  or  to 
stop  a  truck  depends  on  the  resistance  of  traction  between  the 
road  and  the  driving  wheels. 

If  road  surface  is  slippery  and  driving  wheels  spin  and  skid, 
driving  and  braking  effort  will  decrease  accordingly,  therefore— 

"Do  not  drive  down  hill  any  faster  than  you  can  drive  up." 

Care  of  Springs. — In  view  of  the  instructions  given  in  a  pre- 
ceding chapter  there  follows  a  list  of  things  to  be  observed  in 
the  operation  and  care  of  the  truck,  if  there  is  a  desire  to  give 
the  springs  and  other  parts  of  the  mechanism  a  fair  chance  to 
offer  their  longest  life. 

1.  Evenly  distribute  load.    Prevent  shifting  load. 

2.  Do  not  overload  beyond  rated  capacity.  The  factor  of 
safety  allowed  by  the  maker  is  for  the  owner's  protection  as 
well  as  the  maker's. 

3.  A  wheel  out  of  round  due  to  flat  spots  on  a  solid  tire, 
imposes  a  severe  and  dangerous  shock  upon  the  springs.  Keep 
the  wheels  round. 
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4.  Give  careful  attention  to  all  parts  subject  to  friction.  Keep 
them  amply  lubricated,  as  an  excess  of  grease  keeps  the  dirt  out. 

5.  Take  corners  slowly,  with  or  without  load. 

6.  Back  into  a  curbstone  or  platform  gently.  In  driving  the 
front  wheels  against  the  curb  or  any  obstruction,  the  shock  must 
be  taken  by  the  springs  alone. 

7.  When  the  truck  is  loaded,  drive  gently  over  rough  road  or 
obstructions,  remembering  that  the  frame  and  springs  must  take 
the  distortion. 

8.  Drive  at  moderate  speeds  at  all  times.  Remember  your 
solid  tires  have  little  resiliency. 

9.  If  you  have  to  tow  the  car,  or  have  your  truck  towed,  hitch 
the  tow-rope  to  the  frame — not  to  the  axle. 

10.  If  an  accident  occurs  and  a  spring  hanger  or  the  frame 
near  the  hanger  is  bent,  have  it  straightened  at  once.  A  spring 
distorted  by  a  bent  hanger  is  liable  to  break  under  load. 

11.  Keep  spring  clips  tight  at  all  times.  If  a  center  bolt  should 
break  due  to  loose  clips  replace  it  at  once. 

12.  On  a  crowned  road  drive  as  nearly  in  the  center  as  possible 
as  driving  to  the  right  throws  an  extra  load  on  the  right-hand 
spring. 

* 

PRACTICAL  NEGATIVES 

Don't  start  on  a  trip  without  inspecting  oil,  gasoline  and  water 
supply. 

Don't  attempt  to  start  with  the  ignition  switch  off. 
Donft  race  the  engine. 
Don't  start  the  truck  with  the  brakes  on. 
Don't  start  the  truck  with  a  jerk.    It  racks  the  mechanism 
and  destroys  the  tires. 
Don't  attempt  to  change  gears  with  the  clutch  engaged. 
Don't  turn  short  curves  at  high  speed. 

Don't  apply  the  brakes  suddenly  except  in  emergency  cases. 
Don't  set  the  brakes  when  skidding. 
Don't  fail  to  keep  the  brakes  operative. 

Don't  run  on  the  street  car  tracks.  The  rails  will  cut  the  tires. 

Don't  overload  the  truck. 

Don't  let  mud  dry  on  the  truck. 

Don't  fail  to  keep  the  truck  clean.  This  means  inside  and  out. 
Don't  fail  to  observe  the  rules  of  the  road. 
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•Water  Pump 
Magneto 

'  Fx  ha  us  t  Manifold 

■Exhaust  Pipe 
-Clutch  Housing 

* -Transmission  bear  Box 
Vj"  *  Universal  Joint  Housing 
Hand  Brake  Rod 

■Torque  Tube 


-..-Rear  Wheel 


Fig.  394.— Plan  View  of  Dodge  Light  Truck  Chassis  Showing  Parts 
Needing  Periodical  Inspection.  This  is  a  Special  Army  Model  with 
Magneto  Ignition. 
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Engine  Troubles 
Knocks. — Engine  will  knock  for  the  following  reasons: 

1.  Loose  main  bearings. 

2.  Loose  connecting  rod  bearings. 

3.  Loose  wristpins. 

4.  Piston  slap. 

5.  Spark  too  early. 

6.  Pre-ignition. 

7.  Spark  too  far  advanced  for  load. 

8.  Excessive  carbon. 

9.  Engine  overheated. 

10.  Lack  of  oil. 

11.  Engine  support  bolts  loose. 

12.  Camshaft  bearing  worn. 

13.  End  play  to  camshaft. 

14.  Timing  gear  back  lash. 

15.  Loose  flywheel. 

DIFFERENT  SOUNDS  WHICH  ARE  CAUSED  BY  LOOSE 

BEARINGS  IN  MOTOR 

A  loose  main  bearing  will  pound  with  a  dull  thud  when  pull- 
ing under  a  heavy  load. 

A  connecting  rod  pound  is  a  lighter  and  sharper  thump  than 
a  main  bearing. 

A  wristpin  knock  is  a  sharp  light  tap  and  is  noticeable  when 
tin-  motor  is  running  idle — more  pronounced  when  the  spark  is 
retarded  on  low  throttle. 

A  piston  slap  is  a  light  metallic  knock,  more  pronounced  when 
the  spark  is  advanced,  picking  up  speed  from  about  four  miles 
per  hour,  and  can  be  eliminated  by  shortening  the  spark  plug. 

* 

LOSS  OF  POWER 

The  following  will  cause  the  truck  to  lose  power: 

1.  Dragging  brakes. 

2.  Incorrectly  timed  distributor. 

3.  Lack  of  compression. 

4.  Engine  overheated. 
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5.  Wheels  out  of  line. 

6.  Lack  of  lubrication. 

7.  Carbonized  cylinders. 

8.  Carburetor  not  adjusted  correctly. 

9.  Faulty  distributor  point  adjusted. 

• 

OVERHEATING 

Engine  will  overheat  for  the  following  reasons: 

1.  Lack  of  water. 

2.  Fan  belt  broken  or  slipping. 

3.  Water  pump  not  working. 

4.  Oil  pump  not  working. 
"5.  Rusty  or  scaly  radiator. 

6.  Clogged  water  jacket. 

7.  Defective  water  hose. 

8.  Valves  out  of  time. 

9.  Distributor  timed  late. 

10.  Faulty  carburetor  adjustments. 

11.  Driving  with  retarded  spark. 

12.  Excessive  carbon. 

MUFFLER  EXPLOSIONS 

Explosions  occur  in  the  muffler  for  the  following  reasons: 

1.  Mixture  too  lean. 

2.  Exhaust  valve  sticking. 

3.  Exhaust  valve  riding. 

4.  Dirty  or  sooting  muffler. 

5.  Distributor  improperly  wired  to  plugs. 

6.  Accumulated  unburned  gases  in  muffler. 

The  engine  compression  may  be  poor  for  the  following  rea- 
sons : 

1.  Valves  leak  compression. 

2.  Valve  plugs  priming  cocks  or  spark  plugs  leak  compression. 

3.  Piston  rings  or  cylinder  walls  worn  or  scored. 

4.  Valve  warped. 

5.  Valve  not  seating. 

6.  Valve  stem  bent. 
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The  exhaust  may  be  smoky  for  the  following  reasons: 

1.  Oil  feed  too  great. 

2.  Oil  too  thin. 

3.  Pistons,  piston  rings  or  cylinders  worn. 

4.  Mixture  too  rich — black  smoke. 

STARTING  DIFFICULT 

There  may  be  difficulty  starting  the  engine  for  the  following 

reasons : 

1.  Battery  weak. 

2.  Spark  plug  electrodes  too  far  apart. 

3.  Carburetor  set  for  too  lean  mixture. 

4.  Poor  compression. 

5.  Distributor  breaker  points  sticking. 

6.  Distributor  breaker  points  dirty. 

7.  Low  test  gasoline. 

8.  Air  leak  in  intake  manifold. 

9.  Ignition  wire  connection  off. 

STARTING  IMPOSSIBLE 

It  may  be  impossible  to  start  engine  for  the  following  reasons: 

1.  Switch  not  on. 

2.  Empty  gasoline  tank. 

3.  Gasoline  line  clogged. 

4.  Water  in  carburetor. 

5.  Carburetor  float  sticking. 

6.  Poor  compression. 

7.  Fouled  spark  plugs. 
8  Weak  battery. 

9.  Distributor  wire  off. 
10  Poor  mixture. 

11.  Air  leak  in  intake  manifold. 

12.  Overpriming. 

MISSING  FIRE 

The  engine  may  miss  fire  for  the  following  reasons: 

1.  Broken  spark  plug  insulator. 

2.  Spark  plug  gap  too  wide. 
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3.  Poor  carburetor  adjustment. 

4.  Air  leak  through  valves  or  through  intake  manifold. 

5.  Circuit  breaker  points  pitted,  burned,  short-circuited  or  out 

of  adjustment. 

6.  Valves  riding  on  tappet. 

7.  Valves'  clearance  too  great. 

8.  Leaky  valves. 

9.  Valves  sticking. 

10.  Poor  compression. 

11.  Excessive  oil  in  combustion  chamber. 

12.  Break  in  high  tension  circuit. 

13.  Poor  distributor  connections. 

14.  Broken,  loose  or  disconnected  high  tension  wires. 

15.  Weak  battery  or  defective  coil. 

16.  Water  in  fuel. 

17.  Restricted  fuel  flow,  not  filling  float  chamber.  ' 

18.  Foul  spark  plugs. 

DAILY  MAINTENANCE  ROUTINE-ENGINE 

1.  Tighten  all  wire  terminals. 

2.  Tighten  any  loose  nuts. 

3.  Note  tension  of  fan  belt. 

4.  Inspect  oil  pump,  for  performing  its  function. 

5.  Fill  radiator. 

The  following  tabulations  show  a  method  of  systematic  pro- 
cedure to  locate,  engine  troubles  that  were  prepared  for  instruct- 
ing the  drivers  in  the  U.  S.  Army  Ordnance  Department  and 
which  is  reprinted  from  government  publications  because  of  the 
complete  manner  in  which  the  various  derangements  are  out- 
lined. The  first  thing  to  do  is  to  see  if  there  is  compression  or 
not.  then  if  there  is  a  spark  at  the  plugs.  This  determines  the 
next  step,  as  outlined  in  the  tabulations. 
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Engine  Will  Not  Start 


'Valves 


Xo  Compression.  .. 


( loon 

Compression 


No 
at  Plugs 


(Improperly  timed  or  adjusted, 
j  Timing  gear  key  sheared. 
[Timing  gear  teeth  stripped. 

(Overheated  or  overprimed. 

Cylinders   .j  Scored— cracked. 

No  lubrication. 
Warped. 

'Broken  or  stuck. 
Worn  or  poorly  fitted. 
Weak  or  warped. 

i 

Improperly  adjusted. 
Improperly  timed. 

No  gasoline— shut  off. 
Poor  gasoline  (heat). 
Air  valve  stuck  open. 
Nozzle  plugged. 
One  drop  of  water  in  nozzle. 


Piston  Rings.  . .  „ 


Valves 


Carburetor 


Spark  at  Pli- 


S  witch  ' '  off  " 
Cable  insulation 

broken 
Switch  circuit 

grounded. 


Magneto, 


{ 


^  Choker  closed. 
Improperly  adjusted. 
Manifold  leaking. 

Throttle  or  lever  loose  on  shaft  or  stem. 
Throttle  disconnected. 

'Gap  too  wide. 
No  gap. 
Oil  soaked. 

Wires  on  wrong  plug. 
Insulation  broken  or  cracked. 
Dirt  on  outside  of  porcelain. 
Water  on  outside  of  porcelain. 

Breaker  points  improperly  adjusted. 
Breaker  points  badly  pitted,  worn  or 

oiled. 
Breaker  arm  sticks. 
Safety  gap  closed. 
Collector  ring  dirty  or  oiled 

(grounded). 
Condenser  punctured. 
Coil  circuit  punctured  or  broken. 
Brush  worn,  sticking,  or  broken. 
Piece  of  brush  grounding  current. 
Oil  soaked. 

Distributor  disc  punctured. 
Water  soaked  (condensation). 
Coupling  key  sheared. 
Distributer  disc  dirty. 
Distributer  improperly  timed. 
Magnets  demagnetized. 
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Carburetion 


Poor  Compression. 


Valves 


Cylinders 


Pistons 


Rings 


Engine  Misfires,  Idling 

Mixture  too  rich. 
Low  speed  spring  loose. 
Float  too  low. 
Manifold  leak. 
J^Poor  gasoline. 

'Spark  plug  gap  too  close. 

Ignition   Magneto  timed  early  or  late. 

I  Magneto  breaker  gap  too  close. 

Improperly  timed. 
Valve  stuck. 
Tappets  stuck. 

Tappets  adjusted  too  tightly. 
Camshaft  broken  (rare). 
Cam,  roller  or  pin  broken  (rare). 
Exhaust  valve  or  seat  cracked. 
Warped  from  heat. 
Stem  bent  or  carbonized. 
Pitted  valve  seat. 
Stem  and  guide  worn. 

Overheated. 
Scored. 
Warped. 
Not  lubricated. 
Ovcrprimed. 

Cracked   (combustion  chamber). 
Cap  gasket  leaking. 
Pet  cock  leaking. 

Wrarped  (binding  rings)*. 
Too  small— twisting  rings. 
.  Cracked. 
I  Broken. 
(Blowhole. 

[Broken  or  weak. 
•J  Worn  or  improperly  fitted. 
(Stuck  or  warped. 

c         tj  (Gasket  leaking. 

Spark  Plug  jporcelain 

Engine  Misfires  Pulling  Hard  at  Low  Speed 

Head  or  stem — bent,  warped. 
Stems  and  guides  worn. 
Tappet  adjusted  too  tightly. 
Tappet  adjusted  too  loosely. 
Cam  or  roller  broken. 
Tappet  roller  pin  broken. 
Improperly  timed. 
Pitted. 
Cracked. 

]  Broken. 


"Valves 


....... 
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f 


Poor 

Compression 


Carburetion 


Ignition 


Cylinders 


{ 

f 


Piston 


Rings 


Gaskets  J 
Joints  J 

Carburetor 


Manifold 


f Spark  at 
Plugs  . . . 


No  Spark 
at  Plug: 


f  Scored. 
Cracked. 
Worn. 

Not  lubricated. 
Overheated. 

f  Cracked. 
J  Broken. 
[Warped. 

'Broken. 
Worn. 
Stuck. 
Weak. 
Warped. 
Poorly  fitted. 

(Spark  plug  packing. 
\ I  Pet  cock  open— loose. 
Spark  plug  gasket. 

Mixture  too  rich  or  lean. 
Insufficient  hot  air. 
Gasoline  supply  restricted. 

fGasket  broken. 
J  Flange  nuts  loose. 
[Cracked  (test  with  gasoline). 

("Timed  late. 
Plug  gap  too  wide. 
.\  Plug  oily. 

Plug  porcelain  cracked  or  broken. 
[Plug  center  electrode  warps. 

Cable  insulation  punctured. 
Cable  strand  frayed  (grounding). 


•  ••< 


Magneto 


Distributor  improperly  timed. 
Distributor  disc  punctured. 
Distributor  dirty. 
Distributor  cover  loose. 
Condenser  punctured. 
Points  pitted,  worn,  oiled. 


Engine  Misfires  at  High  Speed 


Carburetor 


Backfire. 

High  speed  nozzle  plugged. 
Gasoline  supply  to  carburetor  restricted. 
Insufficient  hot  air. 
High  speed  air  valve  spring  too  stiff. 
Valve  fluttering. 
I  Mixture  too  rich  or  too  thin.  j 
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Engine  Misfires  at  Low  Speed 


Spark  plug  gap  too  close. 
Spark  plug  center  electrode  warps. 
Magneto  timed  late. 

Ignition   ^  Magneto  breaker  bar  sticks. 

|  Breaker  point  loose. 
|  Spark  retarded. 
^Magneto  breaker  cam  worn. 

Valves  stick. 
Tappets  stick. 
Springs  weak. 

Valves   X  Springs  broken. 

Improperly  timed. 
Cam  or  roller  chipped. 
Cam  or  roller  broken. 

Pierce  Gasoline  System. — The  gasoline  system  consists  of  (1) 
gasoline  tank,  (2)  gasoline  supply  line,  including  shut  off  valve, 
pipe  line,  sediment  trap  and  draincock,  (3)  priming  pump,  (4) 
carburetor.  Gasoline  flows  by  gravity  from  the  tank  through  the 
valve  *T'  and  through  the  pipes  "2"  and  "4"  to  the  carburetor. 

Gasoline  Tank.— The  gasoline  tank  is  located  under  the  seat, 
as  shown  at  Fig.  395,  and  has  a  capacity  of  25  gallons.  It  has 
a  large  filler  hole  on  the  top  which  permits  of  inspecting,  clean- 
ing and  repairing  the  inside  of  the  tank  and  also  facilitates  the 
removal  of  articles  which  sometimes  find  their  way  into  the  tank. 

In  filling  the  tank,  care  should  be  taken  to  see  that  the  gasoline 
is  strained,  in  order  to  remove  any  foreign  substance  contained 
in  it.  It  is  of  extreme  importance  that  the  gasoline  is  absolutely 
clean,  free  from  water,  dirt,  etc.  As  a  precaution  against  fire, 
always  stop  engine  while  filling  tank. 

Gasoline  Supply  Line. — The  flow  of  gasoline  from  the  tank  to 
the  carburetor,  Fig.  395,  is  controlled  by  means  of  a  lever  at  the 
right-hand  side  of  driver's  seat,  just  above  the  frame  channel 
When  this  lever  is  in  a  vertical  position,  the  gasoline  is  shut  off. 
when  turned  to  the  left,  it  is  open,  and  when  turned  to  the  right, 
a  reserve  supply  of  about  five  gallons  becomes  available. 

Between  the  shut  off  valve  and  carburetor  is  a  sediment  trap 
or  collecting  chamber  and  a  draincock  for  draining  off  sediment 
and  water  which  may  be  in  the  gasoline.  This  draincock  should 
be  opened  for  a  few  seconds  about  once  a  week  in  order  to  drain 
off  foreign  matter  that  may  have  accumulated. 
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The  gasoline  passes  from  the  tank  through  the  gasoline  pipe 
and  sediment  trap.  Before  it  can  enter  the  carburetor,  it  must 
go  through  a  fine  gauze  strainer  in  the  carburetor.  The  screw 
cap  or  strainer  plug  "9,"  Fig.  396,  B,  to  which  this  strainer 
is  fastened,  should  be  withdrawn  about  twice  a  month  to  allow 
the  water  and  dirt  to  be  drained  off,  first  turning  shut-off  cock 
to  "off"  or  vertical  position.    It  may  be  necessary  at  times  to 


Fig.  396. — Pierce-Arrow  Truck  Carburetor. 


clean  gasoline  pipe.    This  can  be  done  by  disconnecting  the 
unions  and  blowing  out  all  air  pressure. 

Primer. — The  priming  pump  is  located  on  the  dash  and  is 
shown  at  Fig.  397.  This  is  connected  with  the  gasoline  tank, 
also  with  the  intake  pipe  of  the  engine,  and  is  used  to  supply  a 
surplus  of  gasoline  for  starting  the  engine  when  the  engine  is 
cold.  The  priming  pump  is  operated  by  drawing  the  plunger  to 
the  top,  at  which  time  the  cock  should  be  closed,  i.e.,  lever  should 
be  in  a  vertical  position.  It  must  be  open  or  in  a  horizontal  po- 
sition before  pushing  the  plunger  down  and  must  be  closed  at 
once. 

Carburetor. — The  carburetor  is  clearly  shown  in  the  two  views 
at  Fig.  396  and  performs  a  most  important  function,  namely, 
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regulates  the  amount  of  fuel  delivered  to  the  engine.  When  this 
is  out  of  adjustment  a  great  waste  of  power  and  gasoline  will 
result  from  too  rich  a  mixture,  or  with  gasoline  supply  below  a 
certain  point  engine  will  refuse  to  run  properly.  The  supply  of 
gasoline  is  controlled  by  a  needle  valve  "4"  at  the  bottom  of  the 


Pig.  397. — Hand  Pressure  Pump  of  Pierce-Arrow  Truck  Fuel  System. 

carburetor  and  is  set  at  the  factory.  UNDER  NO  CIRCUM- 
STANCES SHOULD  THIS  ADJUSTMENT  BE  ALTERED 
BY  ANYONE  OTHER  THAN  AN  EXPERT  MECHANIC 
WHO  IS  THOROUGHLY  INFORMED. 

The  carburetor  is  of  the  automatic  float  feed  type  with  ad- 
justable jet  area.  The  auxiliary  air  is  admitted  through  care- 
fully calibrated  reed  valves  "1."  The  main  air  is  drawn  in 
through  pipe  "6,"  Fig.  396,  A,  attached  by  means  of  a  hood  to 
muffler  pipe.    In  the  side  of  the  float  chamber  a  small  glass 
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window,  "7,"  is  located  for  indicating  the  level  of  the  fuel.  See 
Fig.  396,  B. 

A  cold  air  regulator,  "5,"  Fig.  396,  A,  is  located  at  the  rear  of 
the  carburetor.  This  permits  of  regulating  the  temperature  ot 
the  air  going  into  the  carburetor.  In  warm  weather  the  pointer 
on  the  regulator  should  be  set  over  to  read  "open"  and  in  cold 
weather  the  pointer  should  be  set  to  read  "closed."  In  the  same 
way  intermediate  points  can  be  maintained. 

There  is  also  a  hot  water  jacket,  "3,"  around  the  mixing  cham- 
ber. The  pipe  from  the  carburetor  to  outlet  water  pipe  has  a 
cock  in  it.  In  hot  weather  this  may  be  closed  partly  or  entirely, 
but  must  be  open  in  cold  weather.  In  northern  sections  of  the 
country  it  may  be  necessary  to  cover  lower  half  of  radiator  to 
insure  good  working  engine  temperature.  The  lower  grades  of 
gasoline  can  be  used  if  enough  heat  is  available  to  vaporize  it. 
A  change  in  temperature  or  altitude  may  demand  readjustment 
of  the  needle  valve,  which,  as  stated  above,  should  only  be  made 
by  an  expert  mechanic  who  is  thoroughly  informed. 

Care  and  Maintenance. — The  gauze  screen  on  the  cold  air 
regulator,  as  well  as  the  screens  covering  the  reed  valves,  should 
be  cleaned  with  gasoline  at  least  twice  every  month.  If  these 
screens  are  not  kept  clean  at  all  times  the  air  supply  is  partially 
choked  off,  thereby  causing  the  engine  to  use  an  excess  of  gaso- 
line. When  removing  and  cleaning  the  screen  over  reed  valves 
it  is  well  to  see  if  the  reeds  are  clean.  When  dirty  the  entire 
arrangement  should  be  taken  off  and  washed  in  gasoline.  This 
can  be  done  by  removing  screws  "2,"  Fig.  396,  A.  Care  should 
be  taken  not  to  disarrange  the  reeds  "1"  or  strain  them  in  any 
way  when  washing.  It  is  essential  for  slow,  smooth  running 
and  good  operation  that  all  flange  connections  between  car- 
buretor and  engine  be  kept  airtight. 

The  flooding  of  the  carburetor,  causing  a  leakage  of  gasoline, 
is  usually  due  to  dirt  under  the  needle  in  the  float  chamber.  As 
previously  mentioned,  the  small  strainer  plug,  "9,"  Fig.  396,  B, 
located  under  the  float  chamber,  should  be  taken  out  occasion- 
ally (about  twice  a  month)  and  cleaned,  in  order  to  remove  any 
foreign  matter  and  allow  free  passage  of  the  gasoline  into  the 
float  chamber.  The  float  chamber  can  be  drained  by  removing 
cap  screw  "10,"  also  shown  in  this  view. 

Riker  Gasoline  Supply. — The  gasoline  tank  is  located  under 
tin*  driver's  seat.    It  is  connected  to  the  carburetor  by  a  soft 
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brass  pipe,  through  which  the  gasoline  flows  by  gravity.  The 
flow  of  gasoline  may  be  stopped  by  a  valve  on  the  under  side 
of  the  tank.  The  filling  hole  is  provided  with  a  gauze  strainer 
for  preventing  dirt  or  other  impurities  from  getting  into  the 
tank.  Warning:  Do  not  use  any  fuel  which  is  acid  in  its  reac- 
tion with  litmus  (that  is,  turns  blue  litmus  red). 

Carburetor.— The  carburetor  is  the  Ball  &  Ball  "Riker  Truck 
Model."  It  is  of  the  two  stage  type  with  a  non-adjustable 
air  valve,  which  opens  only  at  high  engine  speed  and  is  clearly 
shown  in  illustrations,  Figs.  398  and  399. 

The  first  stage  is  of  adequate  capacity  for  city  traffic  and  ordi- 
nary running,  and  gives  the  highest  motor  efficiency  for  this 
type  of  work.  The  second  stage  is  arranged  to  be  used  in  con- 
junction with  the  first  stage  to  obtain  maximum  power. 

The  hand  throttle  on  the  steering  wheel  and  the  foot  acceler- 
ator are  connected  to  the  throttle  lever  (Section  B)  which  oper- 
ates both  the  first  stage  butterfly  valve  (Section  C)  and  the 
second  stage  valve.  The  action  of  the  second  stage  opening  is 
very  rapid  and  is  accomplished  by  simply  entirely  depressing  the 
accelerator  or  fully  advancing  the  hand  throttle.  The  operator 
can  tell  when  the  limit  of  the  first  stage  is  reached,  as  the  High 
Speed  Throttle  Lever  Spring  (Section  B)  on  the  second  stage 
butterfly  valve  makes  the  accelerator  pedal  "heavier"  when  this 
valve  is  opened. 

Gasoline  enters  the  float  chamber  (Section  A)  through  the 
gasoline  supply  connection,  passing  through  a  strainer  in  order 
to  prevent  any  particles  of  dirt  being  drawn  into  the  carburetor. 
A  settling  well  (Section  A)  is  provided  to  catch  any  impurities 
which  may  pass  through  the  strainer. 

The  level  of  the  gasoline  in  the  float  chamber  is  maintained 
at  a  constant  height  by  means  of  the  float  and  the  float  valve. 
The  height  of  this  level  is  set  at  the  factory  and  should  not  be 
changed.  The  gasoline  is  conducted  from  the  float  chamber 
through  passages  (Sections  C  and  E)  in  the  body  of  the  car- 
buretor up  to  the  annular  recess  in  the  primary,  or  low  speed 
throat,  and  to  the  annular  recess  in  the  high  speed  throat.  From 
these  points  it  is  drawn  into  the  body  of  the  carburetor  through 
the  throat  tubes  (or  jets). 

The  annular  recesses  in  the  throat  also  have  connection  with 
the  body  of  the  carburetor  by  means  of  air  passages  in  the  car- 
buretor.   When  the  engine  is  started  the  suction  causes  a  rapid 
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passage  of  air  through  the  throat  and  creates  a  suction  in  the 
throat  jets,  which  draws  both  gasoline  and  air  through  the  jets, 
so  that  the  gasoline  is  thoroughly  atomized  and  properly  mixed 
with  the  air. 

There  is  no  action  in  the  second  stage  until  the  valve  opens ; 
when  this  occurs  the  action  is  the  same  in  principle  as  that  de- 
scribed in  the  first  stage,  or  low  speed  throat.  The  quantity  of 
gasoline  drawn  through  the  throat  jets,  to  give  a  correct  mix- 
ture, is  automatically  regulated  by  the  amount  of  suction  cre- 
ated on  the  jets  and  by  the  metering  screws  (Sections  B  and  E). 
Under  no  conditions  should  these  regulating  screws  be  changed, 
as  they  are  carefully  drilled  to  calibration. 

A  very  simple  and  efficient  accelerating  device  is  used,  as 
shown  in  Section  D,  to  prevent  a  temporarily  lean  mixture  when 
the  throttle  is  opened  suddenly  for  rapid  acceleration.  Gasoline 
stands  in  the  pick-up  cylinder  to  the  height  indicated.  This 
cylinder  is  divided  into  two  parts  by  a  diaphragm  through  which 
passes  a  pick-up  plunger.  When  running  with  the  throttle  only 
slightly  opened  a  spring  keeps  the  plunger  up  against  the  dia- 
phragm ;  then,  when  the  throttle  is  further  opened,  a  roller  and 
cam  force  the  piston  down  in  the  cylinder.  The  gasoline  is 
forced  from  the  lower  half  of  the  cylinder  into  the  upper  half 
through  a  hole  in  the  plunger  rod.  From  the  upper  half  of  the 
cylinder  the  gasoline  is  drawn  into  the  carburetor  through  the 
pick-up  jet  (this  is  shown  by  Section  C)  and  enriches  the  mix- 
ture for  acceleration. 

An  independent  jet  (Section  C)  is  employed  for  idling.  Its 
supply  of  gasoline  is  obtained  through  a  tube  from  the  idling 
well.  Suction  on  this  jet  is  created  by  not  allowing  the  throttle 
valve  to  fully  close,  so  that  there  is  a  passage  of  air  over  the  jet. 
The  quality  of  the  mixture  is  adjusted  by  means  of  a  screw 
which  raises  or  lowers  the  "head"  of  gasoline  in  the  well. 

Adjustments  of  the  Carburetor. — The  permanent  adjustments 
are  made  at  the  factory  to  suit  the  particular  truck  to  which  the 
device  is  fitted  and  should  not  be  changed. 

Adjustment  No.  1 

Air  Choke  for  Starting. — This  adjustment  is  to  be  used  only 
for  starting  and  "warming  up"  the  engine. 
The  butterfly  or  choke  valve  (Section  B)  in  the  hot  air  horn 
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(Section  A)  is  connected  to  a  small  lever  on  the  right  side  of 
the  dash  ;  moving  the  lever  to  the  left  closes  the  valve  and  to  the 
right  opens  it. 

When  the  engine  is  started  the  lever  should  be  in  its  extreme 
left  position.  As  soon  as  the  engine  is  started  move  the  lever 
to  approximately  its  center  position  and  allow  it  to  remain  there 
a  few  minutes.  This  will  prevent  the  engine  from  backfiring 
until  it  becomes  warm,  and  then  cover  the  lever  to  the  extreme 
right,  which  is  the  running  position.  Do  not  forget  to  move  the 
lever  to  the  right  as  soon  as  possible,  because  with  it  in  any 
other  position  you  cannot  obtain  the  full  engine  power  and  best 
fuel  economy.  In  cold  weather  it  will  be  necessary  to  run  longer 
with  the  lever  towards  the  right,  as  more  time  is  required  to 
warm  the  motor. 

Adjustment  No.  2 — To  Set  for  Idling 

(a)  First:  Set  spark  one-half  advanced. 

(b)  Second:  Adjust  the  throttle  screw  (Section  B)  to  give 
approximately  the  desired  idling  speed.  (Turn  the  screw  to  the 
right  to  increase  the. idling  speed.) 

(c)  Third:  Obtain  the  correct  quality  of  mixture  by  means  of 
the  adjusting  screw  (Sections  B  and  D).  (Turn  the  screw  to 
the  left  to  enrich  the  mixture.) 

Before  making  final  adjustments  allow  the  motor  to  become 
thoroughly  warm. 

Always  allow  the  motor  to  run  several  minutes  after  chang- 
ing the  setting  of  the  idling  adjustment  screw  (Sections  B  and 
D),  as  a  little  time  is  required  for  a  change  in  adjustment  to 
take  effect.  It  will  probably  be  necessary  to  change  adjustments 
(a)  and  (b)  several  times  before  the  exact  results  are  obtained. 
Idling  with  this  carburetor  is  exceptionally  good  and  any  per- 
formance desired  may  be  obtained  by  following  the  schedule  of 
adjustments  outlined  above. 

Adjustment  No.  3— Hot  and  Cold  Weather 

The  air  which  enters  the  carburetor  through  the  hot  air  horn 
(Section  A)  is  drawn  from  a  sleeve  around  the  exhaust  pipe. 
As  the  temperature  of  this  air  should  be  lower  in  the  summer 
than  in  the  winter,  a  shutter  is  provided  on  the  hot  air  intake- 
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pipe.  In  hot  weather  this  should  be  entirely  opened  to  allow 
Cool  air  to  be  drawn  into  the  carburetor. 

It  is  impractical  to  set  any  fixed  rule  for  the  amount  the 
shutter  should  be  opened  except  that  in  extremely  cold  weather 
it  should  be  sufficiently  closed  to  prevent  the  carburetor  from 
continually  "popping." 

Carburetor  Troubles 

Rich  Mixture: 

Indications : 

Black  smoke  discharged  from  the  exhaust. 

Motor  sluggish  and  slow  to  accelerate  ;  this  would  be  par- 
ticularly noticeable  when  gears  were  changed  on  a  hill 
and  the  motor  failed  to  "take  hold"  on  the  lower  gear. 

Probable  Causes: 

(a)  Air  choke  closed. 

(b)  Air  entering  the  carburetor  too  hot. 

Adjustments : 

(a)  Move  dash  lever  to  the  extreme  right  position  and  sec 
that  the  hot  air  horn  butterfly  or  choke  valve  (Section  Bl 
is  entirely  open  when  the  lever  is  in  this  position. 

(b)  Open  the  cold  air  shutter  on  the  hot  air  intake  horn. 

Lean  Mixture: 

Indications: 

Backfiring  in  the  carburetor. 

Firing  in  the  muffler  when  descending  hills  with  the  clutch 

engaged. 
Lack  of  power. 

Probable  Causes: 

(a)  Motor  too  cold. 

(b)  Air  entering  the  carburetor  too  cold. 
Adjustments : 

(a)  Move  dash  lever  half  way  toward  the  left  for  a  few 

minutes. 

Digitized  by  Googl 


Maxwell  Truck  Electrical  Circuits  649 


(b)  Decrease  the  opening  of  the  cold  air  shutter  on  the  hot 
air  intake  horn. 

Special  Cases: 

(a)  The  motor  runs  all  right  on  both  stages  but  acts  ex- 
tremely lean  when  running  on  the  primary  stage  only. 

(b)  The  motor  still  acts  lean  after  having  tried  all  adjust- 
ments for  leanness. 

(c)  Gasoline  overflows  from  the  carburetor. 

Adjustments : 

(a)  The  second-stage  butterfly  spring  (Section  B)  is  proba- 
bly broken  or  loose. 

(b)  Turn  off  the  gasoline  supply  and  remove  the  high  and 
low  speed  regulating  screws  (Section  B).  Examine  the 
regulating  screw  and  blow  out  any  particles  of  dirt  found 
in  the  holes,  but  absolutely  do  not  change  the  size  of  the 
holes  in  the  regulating  screws.  Before  replacing  the  regu- 
lating screws  turn  on  the  gasoline  and  allow  the  carbu- 
retor to  flood  for  a  few  seconds. 

(c)  Tap  the  float  chamber  lightly  with  the  hand,  which  w?fl 
relieve  the  trouble  if  it  is  due  to  the  float  having  become 
temporarily  stuck.  If  this  does  not  stop  the  trouble,  re- 
move the  float  and  float  valve  by  removing  the  float  cap 
(Section  A)  and  see  that  the  valve  and  valve  mechanism 
are  in  good  condition.  Drain  the  float  chamber.  Occa- 
sionally remove  the  strainer  plug  (Section  A)  from  the 
carburetor  float  and  allow  gasoline  to  flush  the  settling 
chamber. 

Maxwell  Electrical  Circuits. — The  wiring  diagram  shown  at 
Fig.  400  is  designed  to  show  diagrammatically  both  external  and 
internal  connections  of  the  Truck  Electrical  System.  It  is  drawn 
in  such  a  manner  that  a  small  amount  of  study  will  show  its 
relation  to  the  actual  wiring  and  outside  connections  of  the  truck 
as  shown  in  the  wiring  diagram,  Fig.  401.  By  studying  these 
two  wiring  diagrams  in  connection  with  the  explanations  of  the 
.'lectrical  circuits  given  below,  it  is  possible  for  one  to  trace  the 
electrical  circuits  for  the  ignition,  lights,  horn,  and  charging  the 
storage  battery. 
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Charging  Circuit. — When  the  armature  of  the  generator  is  not 
revolving,  or  is  revolving  at  a  very  low  rate,  the  cut-out  points 
should  be  open.  The  cut-out  is  so  designed  that  the  cut-out 
points  will  not  close  until  six  volts  is  generated.  If,  after  the 
cut-out  points  are  once  closed,  the  speed  of  the  generator  de- 
creases so  that  it  does  not  generate  six  volts,  the  cut-out  points 
will  automatically  open  the  charging  circuit  and  prevent  the  stor- 
age battery  from  discharging  back  through  the  generator. 

When  the  armature  of  the  generator  revolves,  a  voltage  is 
generated  which  causes  current  to  flow  through  the  shunt  wind- 
ing of  the  cut-out.  As  the  speed  of  the  armature  increases,  the 
voltage  increases  until  at  six  volts  the  current  flowing  through 
the  shunt  winding  is  sufficient  to  cause  the  cut-out  points  to 
close.  Closing  of  the  cut-out  points  closes  the  charging  circuit, 
the  path  of  the  charging  current  being  as  follows : 

Starting  at  the  positive  terminal  on  the  generator  (terminal 
No.  1  on  diagram),  follow  wire  to  terminal  No.  1  marked 
"DYN  -{-"  on  base  of  cut-out.  From  this  point  the  current  flows 
across  the  cut-out  points  and  through  the  series  winding  to  cut- 
out terminal  No.  2  ("BAT  4-").  From  this  terminal  follow  cir- 
cuit wire  No.  2  to  lighting  switch  terminal  No.  2  ("BAT -{-"), 
to  battery  "-f-"  terminal  No.  3,  through  storage  battery  to  bat- 
tery u — terminal  No.  4,  and  to  battery  ground  (No.  4)  on 
truck  frame.  The  current  returns  through  truck  frame  to  gen- 
erator ground.  From  generator  ground,  the  current  flows 
through  series  opposed  windings,  energizing  them,  and  back  to 
generator  terminal  No.  1. 

Regulation  of  the  charging  current  is  accomplished  by  the 
automatic  action  of  the  differential  compound  winding  of  the 
generator.  The  generator  shunt  field  is  opposed  by  the  series 
held.  If  the  generator  speed  varies  from  that  necessary  to  pro- 
duce six  volts  it  will  result  in  a  slight  variation  in  the  charging 
current,  which,  through  its  action  on  the  series  winding,  varies 
the  generator  magnetism  in  such  a  manner  that  the  voltage,  and 
consequently  the  charging  current,  will  be  kept  practically  con- 
stant. 

Ignition  Circuit. — When  the  switch  key  is  inserted  and  turned 
in  the  lighting  and  ignition  switch,  it  depresses  the  ignition 
switch  contact  spring  and  closes  the  ignition  circuit  by  electri- 
cally connecting  lighting  switch  terminal  No.  2  (BAT+)  with 
terminal  No.  5  (IGN).    For  starting  the  engine,  the  ignition 
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primary  current  is  supplied  by  the  storage  battery.  Its  path 
can  be  traced  as  follows: 

Starting  at  storage  battery  terminal  No.  3,  current  flows 
to  lighting  switch  terminal  No.  2  (BAT-f-),  through  ignition 
switch  contact  spring  to  terminal  No.  5  (IGN),  through  circuit 
No.  5  to  terminal  No.  5  at  the  top  of  the  induction  coil.  From 
terminal  at  the  top  of  the  coil,  it  flows  through  the  resistance 
and  primary  winding  to  point  No.  6  on  the  coil  and  to  terminal 
No.  6  on  the  condenser  cover  at  the  timer.  From  terminal  No.  6 
on  the  condenser  cover,  the  current  flows  through  the  condenser 
cover  (shown  in  outline)  to  the  timer  breaker  points  and  to  point 
No.  7  through  the  contact  breaker  spring;  from  point  No. .7  at 
breaker  spring  to  ground  point  No.  7  at  base  of  coil,  through 
frame  to  battery  ground  point  No.  4  and  to  battery  " — "  terminal 
No.  4. 

After  the  engine  has  started  and  is  turning  the  generator  at  a 
speed  sufficient  to  close  the  cut-out  points,  primary  current  for 
ignition  is  supplied  by  the  generator  direct  to  lighting  switch 
through  circuit  No.  2  to  terminal  No.  2  (BAT-f).  From  switch 
terminal  Nu.  2  the  circuit  is  the  same  as  outlined  in  the  preced- 
ing paragraph  except  that  the  current  returns  to  the  generator 
instead  of  to  the  battery.  Current  is  supplied  by  the  batten' 
only  when  the  battery  is  not  being  charged. 

A  condenser  is  connected  directly  across  the  breaker  points, 
and,  while  no  current  flows  through  it,  it  is  an  absolute  necessity 
in  order  to  get  the  proper  performance  of  the  induction  coil. 

At  the  instant  the  timer  breaker  points  separate,  a  high  ten- 
sion current  is  induced  in  the  secondary  winding  of  the  induc- 
tion coil.  This  high  tension  current  leaves  the  coil  at  terminal 
No.  8.  Its  circuit  can  be  traced  from  terminal  No.  8  on  the  coil 
to  the  center  terminal  No.  8  on  the  distributor  cover  where  it 
is  distributed  to  the  separate  spark  plugs  in  the  firing  order  of 
the  cylinders.  The  high  tension  current  jumps  the  spark  plug 
gap  to  ground  and  returns  to  point  No.  9,  the  grounded  connec- 
tion of  the  secondary  winding. 

Lighting  Circuit. — The  "OFF"  position  of  the  lighting  switch 
spider  is  shown  in  dotted  outline  in  the  switch  of  the  complete 
diagram  (Fig.  400).  In  this  position  all  the  spider  arms  are  free. 
The  "DIM"  and  "ON"  positions  of  the  spider  are  shown  in  the 
diagrams  of  the  lightning  switch  marked  "DIM"  and  "OX," 
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respectively.  In  the  "DIM"  and  "ON"  diagrams  the  spider 
arms  which  carry  current  are  shown  in  full  heavy  lines. 

When  the  generator  is  not  running,  the  necessary  current  for 
lights  is  supplied  by  the  battery.  With  lighting  switch  in 
"DIM"  position,  spider  arms  "A"  and  "D"  connect  contact  point 
No.  10  with  switch  terminal  No.  13  (REAR),  and  the  lighting 
circuit  is  as  follows: 

Starting  at  the  storage  battery  terminal  No.  3,  trace 

circuit  to  lighting  switch  terminal  No.  2  (BAT+),  through  the 
fuse  to  spider  contact,  point  No.  10,  through  spider  arms  "A" 
and  "D"  to  terminal  No.  13  (REAR).  From  this  point  curr- 
ent for  the  tail  lamp  follows  circuit  No.  13  to  the  tail  lamp  and 
ground,  the  headlight  current  flowing  through  the  headlight 
dimmer  coil  to  terminal  No.  11  (HEAD).  From  this  terminal 
current  follows  circuit  No.  11  to  the  right  head  lamp  and  ground 
and  circuit  No.  12  to  the  left  head  lamp  and  ground.  From  each 
of  the  lamp  grounds,  current  follows  the  frame  back  to  battery 
ground  No.  4  and  by  cable  to  battery  " — "  No.  4. 

With  the  lighting  switch  in  the  "ON"  position,  spider  arms 
"A"  and  "C"  connect  switch  contact  point  No.  10  with  terminal 
No.  11  (HEAD)  and  spider  arms  "C"  and  "B"  connect  switch 
contact  No.  10  with  terminal  No.  13  (REAR).  The  spider  thus 
connects  terminal  No.  11  with  switch  contact  No.  10,  direct,  and 
shunts  the  headlight  current  past  the  headlight  dimmer  coil. 
Current  is  supplied  to  contact  point  No.  10  as  explained  for  the 
switch  in  "DIM"  position,  and  is  delivered  to  distributing  arms 
"A"  and  "B"  by  spider  arm  "C."  In  the  spider  the  current  di- 
vides, that  for  the  tail  lamp  going  to  terminal  No.  13  (REAR) 
through  spider  arm  "B,"  and  that  for  the  head  lamps  going  to 
terminal  No.  11  (HEAD)  through  spider  arm  "A."  From  ter- 
minals No.  13  and  No.  11.  the  lighting  circuits  are  the  same  as 
previously  outlined  for  switch  in  "DIM"  position. 

When  the  generator  is  running  and  charging  the  storage  bat- 
tery, current  for  lights,  as  for  ignition,  is  supplied  by  the  gen- 
erator to  switch  terminal  No.  2  (BAT-f)  through  circuit  No.  2. 
From  switch  terminal  No.  2  the  circuits  are  the  same  as  out- 
lined except  that  the  current  returns  to  the  generator  instead  of 
to  the  battery. 

Horn  Circuit. — Current  for  the  horn  is  supplied,  as  for  ignition 
and  lights,  by  either  the  generator  or  battery,  depending  on  the 
condition  of  the  charging  circuit.    Beginning  at  switch  terminal 
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No.  2  (BAT-j-),  the  horn  circuit  can  be  traced  by  following  cir- 
cuit No.  14,  to  horn  button,  through  horn  button  to  terminal  No. 
14  on  horn,  through  horn  magnet  winding,  across  contact  points 
to  ground,  and  thence  to  source  of  current  (generator  or  battery). 

Reo  Speed  Wagon  Electric  System  Ignition. — This  truck  is 
equipped  with  a  combined  generator,  magneto-timer  and  dis- 
tributor. So  far  as  ignition  is  concerned,  this  machine  is  similar 
to  the  magneto  previously  used,  the  difference  between  the  two 
machines  being  principally  that  the  permanent  magnets  have 
been  replaced  by  electro-magnets,  enabling  the  machine  to  gen- 
erate sufficient  current  to  light  and  start  the  truck,  as  well  as 
supplying  the  ignition  current  exactly  in  the  same  manner  as 
when  a  magneto  is  used,  and  is  running  on  the  battery  side.  The 
coil,  distributor  and  breaker  are  exactly  the  same  as  supplied  on 
any  high-class  magneto,  and  require  no  more  attention  or  dif- 
ferent instructions  for  their  care.  A  storage  battery  in  which 
to  store  the  current  generated  is  an  essential  part  of  this  system. 

Ignition  Switch. — The  ignition  switch  is  provided  with  a  key 
to  lock  the  switch  lever  in  the  off  position  in  case  the  truck 
owner  desires  to  leave  the  truck  so  that  it  cannot  be  started  by 
unauthorized  persons.  The  marking  on  the  face  of  the  switch, 
B-O-M,  indicates  the  three  points  of  the  switch  lever.  When 
lever  is  turned  to  either  the  "B"  or  "M"  position  current  is  being 
supplied  to  the  ignition  system  by  the  storage  battery.  "O"  is 
the  off  position,  in  which  the  lever  must  always  be  left  when  the 
motor  is  not  running. 

Caution:  Never  leave  switch  lever  on  "B"  or  "M"  side  when 
the  motor  is  standing  still.  It  will  discharge  battery  if  you  do. 
Always  put  switch  lever  in  center  on  "O." 

Magneto  Breaker. — Inspection :  By  referring  to  cut  at  Fig. 
402  the  position  of  the  circuit  breaker  can  be  seen.  The  dis- 
tributor block  forms  the  cover  for  the  breaker  box  and  is  easily 
removed  by  unlatching  the  springs  which  hold  it  down  and 
moving  it  to  one  side  without  unfastening  the  ignition  cables. 
This  allows  the  breaker  and  distributor  mechanism  to  be  seen. 
The  distributor  arm  may  be  removed  by  pulling  straight  up. 
The  breaker  points  should  be  kept  flat  and  smooth,  with  contact 
the  full  width  of  points.  A  very  fine  file  or  fine  emery  cloth  can 
be  used  to  reduce  any  irregularity  on  contact  points,  being  care- 
ful not  to  remove  more  material  than  is  absolutely  necessary. 
If  points  become  badly  worn  or  burned,  they  should  be  renewed. 
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Adjustment:  The  stationary  breaker  point  is  mounted  on  a 
screw  which  provides  for  adjustment  of  gap.  The  gap  on  high 
position  of  cam  should  be  from  .012-inch  to  .020-inch,  and  not 
more  than  .020-inch.  The  gauge  attached  to  generator  wrench 
included  in  tool-kit  is  .020-inch  thick,  which  makes  a  good  guide 
for  this  adjustment.    The  gap  should  not  be  varied  outside  of 


Fig.  402. — Generator  and  Distributor  Unit  at  A  Used  on  Reo  Speed, 
Wagon.   Top  View  of  Make  and  Break  or  Timing  Mechanism  at  B. 
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the  above  limits  in  order  to  alter  the  point  of  firing,  as  these 
limits  are  essential  to  a  hot  spark. 

Ignition  Timing. — Breaker  and  Distributor  Setting:  In  case 
the  generator  is  removed  from  motor  and  the  relation  between 
motor  crankshaft  and  generator  armature  is  disturbed,  proceed 
as  follows :  Turn  the  motor  over  with  all  four  petcocks  open 
until  pressure  against  the  thumb  hold  over  petcock  number  one 
indicates  that  compression  is  taking  place  in  cylinder  No.  1. 
Continue  to  turn  about  one-quarter  turn  more  until  the  marks 
on  face  of  flywheel  (U.D.C.  1  and  4)  are  opposite,  reference 
mark  on  engine.  Then,  with  the  distributor  block  removed 
so  as  to  allow  the  distributor  arm  to  be  seen,  turn  the  armature 
shaft  in  either  direction  until  the  position  of  the  distributor  arm 
is  the  same  as  that  shown  on  Fig.  403  with  respect  to  the 
reference  pin.  Connecting  up  the  universal  joint  with  the  gen- 
erator armature  shaft  in  this  position  will  give  the  former  timing. 

To  Check  Point  of  Firing. — Open  cylinder  petcocks,  retard 
spark  control  lever,  turn  on  ignition  switch  and  notice  that  the 
ammeter  shows  a  discharge.  Then  while  one  person  turns  the 
motor  over  very  slowly  with  the  hand  crank  a  second  person 
can  watch  the  ammeter.  The  instant  at  which  the  ammeter 
pointer  starts  to  return  to  zero  is  the  time  at  which  the  spark 
occurs.  At  this  instant  one  of  the  U.D.C.  marks  on  the  flywheel 
.should  be  opposite  the  D.C.  reference  point  or  not  more  than 
one-half  inch  before  it. 

To  Correct  Point  of  Firing.— -In  case  the  point  of  firing  does 
not  come  between  the  above  limits,  it  may  be  changed  as  fol- 
lows without  changing  the  position  of  the  generator  drive  gears. 
Proceed  as  indicated  under  "Breaker  and  Distributor  Setting" 
in  order  to  get  the  crankshaft  in  the  proper  position  for  firing 
Xo.  1  cylinder.  After  removing  the  distributor  block,  the  dis- 
tributor arm  may  be  easily  taken  off,  by  pulling  directly  up, 
giving  access  to  the  breaker  cam  which  is  held  in  place  on  the 
breaker  shaft  by  the  nut  on  its  upper  end.  By  removing  this 
nut  the  cam  can  be  loosened  on  the  shaft,  which  is  tapered,  and 
its  position  with  respect  to  the  crankshaft  can  be  varied  as 
desired. 

In  resetting  this  cam,  place  it  on  its  shaft  so  that  the  pin 
which  is  set  in  one  side  of  the  cam  is  in  line  with  and  between 
the  center  of  the  vertical  shaft  and  the  reference  pin  in  the 
breaker  case  shown  at  B,  Fig.  402.    This  is  very  necessary  in 
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order  that  the  distributor  arm  and  block  assemble  in  the  proper 
relation  to  each  other  to  give  the  spark  to  the  right  cylinder  at 
the  right  time.  Carefully  check  the  new  firing  point,  as  indi- 
cated above,  with  the  spark  lever  in  the  full  retarded  position, 
being  certain  it  falls  between  the  limits  given. 

Order  of  Firing. — The  duty  of  the  distributor  is  to  deliver  the 
spark  to  the  different  cylinders.    The  high  tension  wire  con- 


Fig.  404. — Automatic  Cut-Out  of  Reo  Speed  Wagon  Electrical  System. 


nected  to  the  spark  plug  for  cylinder  No.  1  should  be  attached 
to  the  distributor  terminal  which  is  directly  above  the  locating 
notch  in  the  edge  of  the  distributor  block.  The  terminals  for 
the  other  cylinders  follow  in  a  clockwise  direction  in  the  order 
1-3-4-2.  The  center  terminal  is  for  the  high  tension  cable  from 
the  ignition  coil. 

Coil. — The  coil  is  mounted  on  the  frame  near  the  generator. 
There  are  no  adjustments  in  connection  with  it  other  than  to 
keep  the  terminals  tight.  A  safety  gap  for  the  protection  of  the 
coil  is  provided  on  the  distributor. 

Spark  Plugs. — Trouble  that  is  laid  to  the  ignition  device  is 
often  due  to  incorrect  adjustment  of  the  spark  plug  gap.  The 
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correct  gap  is  %2  inch,  and  all  the  plugs  should  be  set  the  same. 
Keep  the  porcelain  and  points  clean  to  prevent  misfiring. 

Electrical  Generator.— lubrication :  The  illustrations  at  Figs. 
402,  A,  and  403  show  the  combined  generator  and  ignition  device. 
Oil  at  each  end  of  the  armature  with  three  or  four  drops  of  any 
good  light  oil  each  1,000  miles.  Keep  the  grease  cup  which  lu- 
bricates the  distributor  shaft  filled  with  any  good  heavy  grease 
and  give  one  turn  each  500  miles.  Do  not  flood  the  oilers  or 
lubricate  other  parts  of  the  generator.  Keep  the  exterior  free 
from  oil  or  dirt,  as  there  is  danger  of  same  working  in  causing 
short  circuits. 

Automatic  Cut-out. — The  automatic  cut-out,  which  is  shown 
at  Fig.  404,  is  located  on  the  dash  beneath  the  hood  and  is  for 
the  purpose  of  preventing  current  from  the  storage  battery  flow- 
ing back  through  the  generator  when  it  is  standing  still  or  run- 
ning at  a  high  speed  lower  than  300  r.p.m.  or  about  seven  miles 
per  hour  in  high  gear.  It  acts  as  a  check  valve,  allowing  the 
current  to  flow  in  one  direction  only,  from  the  generator  to  the 
battery  and  not  from  the  battery  through  the  generator.  The 
cut-out  requires  no  adjustment  other  than  to  keep  the  points 
clean  and  smooth,  with  contact  the  full  widths.  Do  not  under 
any  condition  alter  the  spring  tension. 

Caution :  Do  not  close  the  cut-out  points  when  the  motor  is 
not  running,  as  they  will  stick  together  and  allow  the  battery  to 
be  discharged  in  a  few  hours'  time,  as  well  as  ruining  the  cut- 
out coil. 

Regulation  of  Output. — This  generator  is  equipped  with  "third 
brush  regulation"  and  means  is  provided  for  varying  the  maxi- 
mum output.  A  small  screw  which  is  located  in  the  rear  end  of 
the  generator  is  connected  to  the  third  brush  by  a  rack  and 
pinion  movement  which  allows  the  position  of  the  brush  on  the 
commutator  to  be  changed  slightly.  Turning  this  screw  in  a 
clockwise  direction  increases  the  output  for  a  given  speed,  while 
turning  it  in  the  opposite  direction  decreases  it. 

Thermostatic  Control. — In  order  to  provide  against  a  short- 
age of  current  in  winter  weather  or  on  short  runs  where  starts 
are  numerous,  and  at  the  same  time  to  insure  against  overheat- 
ing the  generator  in  the  summer  or  on  long  runs,  a  thermostat 
is  arranged  to  cut  down  the  charging  rate  as  soon  as  the  tem- 
perature of  the  generator  reaches  a  certain  point.  This  thermo- 
stat can  be  seen  by  removing  the  cover  from  the  rear  of  the 
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generator  and  since  it  requires  no  adjustment  should  not  be 
tampered  with. 

Amount  of  Charge. — The  generator  is  in  normal  working  con- 
dition if  the  ammeter  shows  a  charge  of  about  12  amperes  when 


V/TRE  TO  CENTER  OF  DISTRIBUTOR. 
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Fig.  405. — Ignition  Coil  Used  on  Reo  Speed  Wagon. 


running  15  miles  per  hour  on  first  starting  and  reduces  this 
charge  to  about  six  amperes  on  becoming  warmed  up. 

Condenser. — The  condenser  is  contained  in  the  metal  box 
mounted  on  the  side  of  the  generator.  This  places  it  within  a 
few  inches  of  the  breaker  points,  which  is  very  desirable.  The 
condenser  terminals  are  the  two  upper  ones  on  the  end  of  the 
box.  The  two  lower  terminals  are  connected  to  the  armature 
and  the  clip  marked  "Short  Circuit  Connector"  is  for  the  pur- 
ine of  connecting  these  terminals  if  it  is  desired  at  any  time  to 
run  the  motor  without  generating  current. 
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Commutator. — Commutator  surface  should  be  clean  and 
bright,  and  if  found  to  be  blackened  or  rough,  polish  and  smooth 
down  with  fine  (00)  sandpaper.  Armature  should  be  rotated 
during  this  process.  NEVER  USE  EMERY  CLOTH  FOR 
THIS  PURPOSE.  After  cleaning  commutator  as  above,  care- 
fully blow  out  all  sediment  from  the  commutator  and  generator 
case.    Avoid  the  use  of  all  commutator  compounds. 

Brushes. — The  brushes  are  of  special  copper  carbon  compo- 
sition and  should  last  indefinitely.  If  replacement  should  be 
necessarv  from  anv  cause,  do  not  use  carbon  substitutes,  but 
obtain  the  special  brushes  furnished  by  the  Remy  factory,  branch 
house  or  service  station.  Brushes  should  be  kept  tight  on  the 
holders  and  in  perfect  contact  with  the  commutator. 

Caution:  Under  average  conditions  the  generator  will  per- 
form its  work  without  attention  other  than  oiling  and,  until  it 
fails  to  work  properly,  should  be  left  strictly  alone,  and  even 
then  should  be  adjusted  only  by  a  mechanic  who  is  familiar  with 
such  work. 

Ammeter. — The  ammeter  is  for  the  purpose  of  indicating  the 
amount  of  current  passing  into  and  out  of  the  storage  battery. 
The  indicator  or  hand  should  point  to  zero  at  the  center  of  the 
scale  when  the  motor  is  standing  still  and  all  lighting  or  ignition 
switches  are  in  the  "off"  position.  If  it  does  not,  it  is  almost 
conclusive  proof  that  there  is  a  leakage  of  current  tending  to 
run  down  the  battery,  but  in  order  to  make  certain  that  the 
ammeter  is  not  at  fault,  disconnect  one  of  the  battery  terminals 
at  the  battery.  This  prevents  any  current  from  flowing  and  the 
ammeter  will,  if  it  is  all  right,  indicate  zero  or  very  closely  to  it. 
If  the  ammeter  indicator  is  off  from  this  zero  position,  then  the 
difficulty  is  in  the  ammeter  and  it  may  be  corrected  by  removing 
the  ammeter  from  the  case  and  resetting  by  bending  the  hand. 
There  is  very  little  chance  of  this  type  of  ammeter  reading  in- 
correctly, as  ordinary  short  circuits  have  little  or  no  detrimental 
effect,  since  only  a  small  part  of  the  current  is  shunted  through 
the  coil  attached  to  the  indicator,  and  this  current  does  not  affect 
the  permanent  agent.  However,  an  unusually  heavy  short  cir- 
cuit will  burn  the  coil  or  balancing  springs. 

Leakage. — If  the  ammeter  shows  zero  reading  with  the  bat- 
tery disconnected  and  shows  a  discharge  reading  with  battery 
connected,  motor  standing  still  and  all  switches  in  the  off  po- 
sition, then  there  is  a  leakage  of  current.    This  leak  should  be 
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found  and  stopped  at  once  or  the  storage  battery  will  become 
discharged,  and  if  allowed  to  remain  in  this  condition  for  any 
length  of  time,  cause  injury  to  the  battery.  These  leaks  are 
most  likely  to  be  found  in  the  lighting  wires,  sockets  and  con- 
nections and  in  the  ignition  wires.  Leaks  in  that  section  of 
wires  between  ammeter  and  battery  are  not  registered  on  the 
ammeter,  which  should  be  borne  in  mind  when  looking  for  bat- 
tery trouble. 

The  ammeter  does  not  show  the  amount  of  current  used  by 
the  starting  motor.  The  starting  motor  takes  about  95  amperes 
to  turn  the  engine  over  at  approximately  125  revolutions  per 
minute.  This  current  is  used,  of  course,  only  for  a  few  seconds, 
and  it  is  not  considered  necessary  or  advisable  to  try  to  pass  it 
through  the  ammeter. 

The  ammeter  does  not  show  the  amount  of  current  in  the 
battery.  A  hydrometer  is  the  only  instrument  that  will  show 
this. 

Starting  Motor. — This  is  a  small  six-volt  electric  motor  from 
which  the  power  is  transmitted  to  the  transmission  main  shaft 
by  means  of  a  chain  and  sprockets  in  combination  with  two 
gears  contained  in  an  oiltight  case  on  the  end  of  the  starting 
motor  case.    This  is  shown  at  Fig.  406. 

The  starting  motor  requires  very  little  care  other  than  oiling. 
An  oil  hole  is  provided  for  each  end  of  the  armature  shaft  and 
each  should  be  given  a  few  drops  of  light  oil  every  1,000  miles. 
The  gearcase  is  packed  with  heavy  grease  and  a  removable  plug 
provides  a  means  of  replenishing  it,  although  this  will  not  be 
necessary  often  than  once  a  year.  The  commutator  should  be 
cleaned  by  an  experienced  person  about  once  a  year.  The  re- 
movable band  makes  it  easily  accessible.  The  instructions  given 
for  the  care  of  the  generator  commutator  apply  to  that  on  the 
starting  motor  also. 

Starter  Mechanism. — To  operate :  First,  see  that  the  gear 
shifting  lever  is  in  the  neutral  position  and  the  clutch  pedal  re- 
leased or  in  the  driving  position.  Second,  see  that  the  spark 
lever  on  the  steering  column  is  in  the  retarded  position  and  the 
throttle  lever  slightly  advanced.  Then  with  the  ignition  switch 
on  "B"  or  "M"  push  downward  on  the  starting  button,  which 
is  located  in  front  of  the  gear  shifting  lever.  This  throws  the 
electric  switch,  which  is  situated  beside  the  starting  motor,  into 
contact  and  allows  the  current  from  the  storage  battery  to  flow 
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through  the  starting  motor,  causing  it  to  spin  the  gasoline  motor 
in  the  car  until  it  starts  on  its  own  power.  The  pressure  on  the 
starting  button  must  then  be  released,  allowing  it  to  return  to  its 
original  position,  thus  stopping  the  starting  motor.  The  start- 
ing button  is  so  arranged  that  it  cannot  be  pressed  down  unless 
the  gear  shifting  lever  is  in  the  neutral  position.  This  prevents 
running  the  truck  by  means  of  the  starter,  which  is  very  harm- 
ful to  the  storage  battery. 

To  Lock  the  Truck. — If  the  starting  button  be  pressed  half 
way  down  a  padlock  may  be  fastened  around  the  locking  pin 
shown  in  Fig.  406.  When  this  is  done  it  prevents  shifting  the 
gears  from  the  neutral  position,  the  floor  boards  cannot  be  re- 
moved, and  the  starter  cannot  be  used. 

Mechanism. — The  switch  and  mechanism  are  plainly  shown 
in  small  cut  at  Fig.  406,  A.  When  the  button  is  pressed  down, 
the  lever  pulls  up  the  switch  plunger  by  means  of  the  lifter. 
This  closes  the  electric  circuit  through  the  storage  battery  and 
starting  motor  by  means  of  the  contact  brush  in  the  switch.  At 
the  same  time  the  lever  tightens  the  friction  cable,  which  tends 
to  hold  the  sheave  until  the  trip  pin  comes  in  contact  with  the 
side  of  slot  provided  in  the  sheave.  When  the  trip  pin  makes 
this  contact  the  pawl  is  twisted  and  brought  in  mesh  with  the 
teeth  onlhe  ratchet.  With  the  ratchet  in  this  position  the  starter 
sprocket  and  universal  shaft  revolve  as  a  unit  driven  by  the 
starter  by  means  of  the  chain. 

When  the  foot  button  is  released  the  sheave  is  free,  which 
relieves  the  pressure  against  the  trip  pin,  allowing  the  spring 
to  disengage  the  ratchet  pawl.  At  the  same  time  the  switch 
plunger  opening  spring  opens  the  starter  switch.  Should  the 
contact  points  become  burned  after  long  use  any  irregularity 
may  be  removed  by  a  fine  file  or  emery  cloth.  A  screw  and 
lock  nut  provides  adjustment  to  take  up  any  wear  on  the  con- 
tact points. 

The  adjusting  screw  gives  an  adjustment  to  take  up  any 
stretch  in  the  friction  cable  or  spring.  Need  of  adjustment  is 
indicated  by  the  starting  motor  running  without  turning  the  uni- 
versal shaft  or  by  starting  to  turn  it  with  a  severe  pound  caused 
by  the  ratchet  pawl  not  engaging  as  quickly  as  it  should.  Ad- 
just the  cable  so  that  when  released  it  will  allow  the  sheave  to 
be  free  to  turn  and  at  the  same  time  have  just  enough  tension 
when  engaged  to  cause  sufficient  retarding  action  on  the  sheave 
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to  trip  the  ratchet  pawl  immediately  when  the  starting  motor 
starts  to  run. 

If  motor  fails  to  start,  look  for  some  loose  connection  or  poor 
contact.  If  the  battery  is  run  down,  it  can  be  easily  ascertained 
by  turning  on  the  lights.  If  they  burn  very  dim  it  shows  that 
the  battery  is  down.  It  is  often  possible  to  start  the  motor  by 
hand  cranking  even  if  the  battery  is  too  low  to  burn  the  lights 
bright. 

Lighting  Switch  and  Lamps. — The  lighting  switch  shown  at 
Fig.  407  is  arranged  to  give  bright  or  dim  bead  lights,  the  side 
lights  being  dispensed  with  and  the  dim  lights  taking  their 
place.  The  headlights  are  dimmed  by  being  connected  in  series 
or  in  such  manner  that  the  current  is  caused  to  pass  first  through 
one  lamp  and  then  through  the  other ;  this  cuts  down  the  amount 


Fig.  407. — Lighting  Switch  Used  on  Rco  Speed  Wagon. 
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of  current  passing  through  both  of  the  lamps  and  consequently 
they  burn  lower  than  their  full  candlepower,  giving  a  dim  and 
non-glaring  light. 

When  the  switch  lever  is  on  bright,  then  the  current  flows 
directly  to  each  lamp  and  the  full  candlepower  of  each  lamp  is 
obtained. 

It  is  advisable  to  use  the  dim  lights  as  much  as  possible  and 
it  will  be  found  that  they  are  ample  for  city  driving. 


Fig.  408. — Wiring  Diagram  of  Reo  Speed  Wagon  Electrical  System. 


The  use  of  dim  lights  saves  the  current  from  the  storage  bat- 
tery and  also  prolongs  the  life  of  the  lamp.  If  one  of  the  lamps 
should  become  broken  or  disconnected  when  burning  on  the  dim 
side,  the  other  lamp  will  go  out  also,  making  it  necessary  to 
throw  the  switch  to  the  bright  side.  This  will  show  which 
lamp  is  injured,  the  good  lamp  burning  up  to  its  full  power. 
Use  6-8  volt  15  candlepower  Mazda  lamps. 

The  tail  and  instrument  lights  are  connected  in  series.  Should 
the  tail  light  go  out,  the  instrument  light  will  go  out  also,  show- 
ing the  driver  at  all  times  whether  the  tail  light  is  burning  or 
not.  ff  one  of  the  lights  goes  out,  the  defective  lamp  may  be 
found  by  removing  one  at  a  time,  and  replacing  with  a  lamp 
which  is  known  to  be  right.   Use  3-4  volt  3  candlepower  Mazda 
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lamps.  It  is  necessary  that  these  lamps  be  of  the  same  voltage 
and  candlepovver,  and  it  is  advisable  to  have  the  same  make  oi 
lamps,  otherwise  one  may  burn  brighter  than  the  other. 

The  tail  and  instrument  lights  are  connected  to  the  lighting 
switch  in  such  a  manner  as  to  be  turned  on  when  either  the 
bright  or  dim  headlights  are  lighted,  requiring  no  separate  oper- 
ation for  the  tail  and  instrument  lights. 

Fuses. — A  fuse  for  each  headlight  and  one  for  the  tail  and  in- 
strument lights  are  provided  in  the  lighting  switch,  as  shown 


Fig.  409. — Magneto  Ignition  of  Rikcr  Truck. 


in  wiring  diagram  at  Fig.  408.  Common  five-ampere  wire  should 
be  used  in  replacing  fuses. 

Riker  Ignition  System. — The  dual  type  of  magneto  ignition  J 
used.  The  magneto  is  the  standard  high  tension  type  with  I 
standard  combination  dash  coil  and  switch.  Fig.  409  shows 
the  wiring  connections  between  the  battery,  coil  magneto  and 
spark  plugs.  The  current  for  the  battery  ignition  is  supplied  by 
a  storage  battery  suspended  from  the  frame  at  the  left  side  of 
the  cab.  For  instructions  concerning  the  care  of  the  batten* 
see  instructions  in  this  chapter. 

Magneto  Settings. — The  magneto  is  set  so  that  with  the  spark 
fully  advanced  ignition  takes  place  when  the  piston  is  %G  inch 
below  the  top  of  its  travel  on  the  compression  stroke.  When 
the  spark  is  fully  retarded,  ignition  occurs  with  the  piston  slightly 
past  top  center  and  descending.    The  interrupter  or  breaker 


Digitized  by  Google 


Riker  Magneto  Ignition  System 


669 


oints  should  be  adjusted  so  that  a  maximum  gap  of  .35  m.m. 
>  obtained  (the  thickness  of  flat  piece  of  steel  on  magneto  ad- 
usting  wrench).  The  points  will  not  require  adjustment  more 
•ften  than  once  a  year. 

MAINTENANCE 

Oiling. — It  is  most  important  that  the  magneto  be.  both  regu- 
arly  and  correctly  oiled.  Each  oil  cup  should  be  given  several 
jrops  of  "Three-in-One"  oil  every  1,000  miles.    Do  not  overoil. 

Cleaning. — The  contact  points  of  both  the  magneto  and  bat- 
en-  breaker  and  the  entire  breaker  mechanism  should  be  thor- 
oughly cleaned  with  gasoline  as  often  as  they  accumulate  any  oil 
t  dust.  The  inside  of  the  distributor  plate  and  the  collector 
ing  should  likewise  be  cleaned  occasionally  with  a  cloth 
noistcned  with  gasoline.  All  parts  should  be  allowed  to  dry 
•efore  attempting  to  run. 

The  Coil. — A  combination  coil  and  switch  is  used.  The  switch 
as  three  positions— "Mag.."  "Off."  and  "Bat."  The  "Bat."  po- 
rtion should  be  used  for  starting,  and  as  soon  as  the  motor 
peeds  up  the  lever  should  be  thrown  over  to  the  "Mag."  po- 
rtion. If,  however,  the  magneto  should  fail,  the  coil  is  so 
esigned  that  the  motor  may  be  run  on  the  battery  until  the 
lagneto  can  be  fixed. 

Spark  Plugs. — The  spark  plugs  should  be  examined  and 
leaned  regularly  and  the  points  adjusted  so  that  a  gap  of  ap- 
roximately  .028  is  obtained. 

The  condition  of  the  porcelain  on  the  portion  of  the  plug  ex- 
osed  to  the  explosive  mixture  is  a  fair  indication  of  the  quality 
f  the  mixture. 

If  the  plugs  are  sooty,  the  mixture  is  rich  ;  but  if  the  sooty 
eposit  is  greasy,  it  shows  that  the  engine  is  getting  excessive 
location. 

Ignition  Troubles. — In  case  the  motor  misfires  or  refuses  to 
:art  and  the  ignition  is  suspected,  the  spark  plugs  and  wiring 
lould  be  examined  first. 

See  that  the  gaps  are  correctly  set  and  clean  the  plugs. 
Check  the  wiring  by  the  above  diagram  and  make  sure  the 
ring  order  is  correct. 
Examine  all  wiring  for  "grounds." 

In  case  the  trouble  is  not  located  in  the  wiring  the  magneto 
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hould  either  be  sent  to  a  Locomobile  Service  Station  or  one 
f  Magneto  Manufacturers'  Service  Stations. 
Riker  Electric  Equipment. — The  electrical  system  is  of  the 
hree-unit  type,  and  consists  of  a  generator,  a  starting  motor 
nd  a  dual  magneto.  The  same  storage  battery  is  used  for 
tarting,  lighting  and  in  the  ignition  system.  The  "ground- 
eturn"  system  of  wiring  is  used  and  all  wires  except  connec- 
ions  between  instruments  on  the  dash-board  are  carried  in 
exible  metal  conduit,  both  for  protection  and  as  an  additional 
ground"  for  the  return  circuit.  The  connectors  are  so  designed 
bat  the  current  does  not  pass  through  the  springs  in  them,  and 
akelite  insulation  is  used  both  because  of  its  strength  and  heat- 
esisting  qualities. 

Wiring. — In  the  following  description  of  the  wiring  the  num- 
crs  used  apply  to  all  figures.  The  positive  terminal  of  the  bat- 
;ry  (marked  +  )  and  shown  at  Fig.  410  is  grounded  by  a  short 
?ad  to  a  terminal  block  on  the  frame.  From  the  negative  termi- 
al  of  the  battery  ( — )  lead  No.  11  passes  along  the  frame,  then  up 
nd  across  the  dash-board  to  terminal  (a)  of  the  starting  switch 
No.  12).  The  starting  motor  lead,  No.  13,  passes  from  the 
ther  starting  switch  terminal  (b)  back  across  the  dash-board 
hown  at  Fig.  411,  parallel  to  lead  No.  11,  and  then  down  to  the 
tarting  motor  terminal,  No.  15.  The  other  side  of  the  starting 
lotor  is  grounded  within  the  motor  assembly.  This  completes 
tie  starting  circuit  so  that  when  starting  switch  button  is  de- 
ressed  the  current  flows  along  wires  Nos.  11  and  13  and  ener- 
izes  the  electro-magnet  of  the  automatic  pinion  shaft.  A  short- 
ircuited  coil  of  the  field  poles  causes  the  starting  motor  to  turn 
lowly  as  it  shifts  the  gears  into  mesh  and  then  rapidly  picks 
p  speed  and  cranks  the  engine.  After  the  engine  commences 
j  fire  the  current  used  by  the  starting  motor  falls  off  rapidly 
nd  as  the  electro-magnet  is  in  series  with  the  motor  it  loses 
:s  excitation  and  a  disengaging  spring  overcomes  its  pull  and 
ushes  the  gear  out  of  mesh. 

Generator-Battery  Circuit. — The  positive  side  of  the  generator 
s  grounded.  Lead  No.  16  passes  back  of  the  frame  side  member 
d  the  dash  and  up  and  across  the  dash  (Fig.  411)  to  the  positive 
+  )  terminal  of  the  ammeter.  The  negative  ( — )  terminal  of 
he  ammeter  is  connected  by  a  short  lead,  No.  14,  on  the  dash 
[}  terminal  (a)  of  the  starting  switch,  which  is  always  connected 
D  the  battery.    (When  a  starting  motor  is  not  used,  lead  No. 
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14  runs  directly  from  the  ammeter  negative  ( — )  to  the  batter/ 
negative  ( — )  terminal.    The  feeder  for  the  lights  is  taken  fron| 
the  positive  (-f-)  ammeter  terminal. 

The  purpose  of  the  automatic  cut-in  switch  is  to  disconnect 
the  battery  from  the  generator  when  the  generator  is  either  no: 
operating  or  when  its  voltage  is  less  than  that  of  the  batten 
and  prevents  the  battery  from  discharging  through  the  generator 


Fig.  411.— How  Wiring  is  Arranged  on  Dash  of  Rikcr  Truck. 

* 

when  the  truck  is  standing.  It  is  so  constructed  that  when  the 
voltage  of  the  generator  becomes  greater  than  that  of  the  bat- 
tery, about  500  r .p.m.  engine  speed,  the  switch  automatical!? 
"cuts-in"  and  the  generator  charges  the  battery,  then  when  thei 
engine  is  slowed  down  to  about  450  r.p.m.,  the  switch  "cub- 
out"  and  disconnects  the  generator  from  the  battery.  The  cut- 
out speed  is  made  slower  than  the  cut-in  speed  so  that  it  «fl 
not  be  constantly  opening  and  closing  when  the  truck  is  being 
operated  at  the  cut-in  speed. 

Light  Circuits. — All  lights  are  controlled  by  the  two-gang 
switch,  Xo.  18.  The  dash  lead,  No.  19,  from  the  positive  (-M 
ammeter  terminal  to  one  terminal  of  the  left  switch  (as  viewed 
from  the  engine  side  of  dash)  forms  the  main  feeder.  The  other 
terminal  of  this  switch  is  connected  by  wire  No.  20  to  the  com- 
mon busbar  terminal  of  the  fuse  box  No.  21  and  is  the  feeder  for 
all  the  fuses.  The  side-light  leads  Nos.  22  and  23  start  from  sep- 
arate fuses  and  pass  across  the  dash  to  the  side  lamps.  The  da>h 
instrument  lamp  No.  25  is  connected  in  series  with  the  tail  lamp 
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Wire  No.  24  runs  from  the  tail-light  fuse  terminal  to  one  of  the 
holding  screws  of  the  instrument  lamp.  From  the  center  termi- 
nal on  the  instrument  lamp,  lead  No.  26  passes  across  the  dash 
and  then  down  to  the  frame  side  member  and  back  to  the  tail 

■ 

lamp. 

A  connector,  No.  27,  is  provided  where  this  lead  is  first  at- 
tached to  the  frame  side  member  so  that  the  dash  may  be  re- 
moved without  removing  the  entire  lead.  The  right-hand  switch 
is  connected  in  series  with  one  socket  of  the  search  and  trouble 
lamp  socket  unit  No.  30  by  wire  No.  28  from  the  fuse  box  to  the 
switch  and  by  wire  No.  29  from  the  switch  to  the  searchlight 
and  trouble  lamp  socket  unit.  The  searchlight  is  connected  by 
a  flexible  cord  and  plug.  No.  31,  to  this  socket;  the  other  socket 
of  the  searchlight  and  trouble  lamp  socket  unit  is  connected  by 
wire  No  32  to  the  live  terminal  of  the  switch.  With  this  ar- 
rangement of  wiring  all  lights  are  controlled  by  the  left-hand 
switch  (viewed  from  the  driver's  seat);  the  other  switch  is 
provided  so  that  the  searchlight  may  be  turned  off  without 
affecting  the  other  lights  or  the  trouble  light  socket. 

Fig.  410.  A,  shows  the  wiring  arrangement  when  headlights 
are  used  in  place  of  the  searchlight.  The  wiring  is  the  same  as 
the  standard,  except  that  both  side  light  leads  No.  22  and  23  are 
connected  to  the  same  fuse  box  terminal,  both  headlight  leads 
Xos.  34  and  35  are  connected  to  one  terminal  of  the  left-hand 
switch  and  the  trouble  lamp  is  connected  directly  to  a  fuse 
terminal. 

Ground  Wires. — The  ground  return  circuits  for  the  trouble 
and  searchlight  socket  and  side  lights  are  made  by  the  bare 
copper  wires  Nos.  33  and  34  on  the  backing  plate  of  the  ignition 
plate,  which  is  grounded  by  a  lead  directly  on  to  the  motor. 

Generator  Drive  and  Support. — The  generator  is  carried  in  a 
cradle  on  the  left  side  of  the  engine  crankcasc  and  driven  by  the 
pump  shaft.  It  may  be  removed  by  connecting  the  flexible  couple 
between  it  and  the  pump  shaft  and  loosening  the  holding  strap. 
The  construction  of  this  generator  is  exceedingly  strong  and  is 
so  designed  that  it  should  only  be  necessary  to  oil  regularly  and 
examine  the  brushes. 

Commutator  and  Brushes. — Examine  the  commutator  occa- 
sionally by  removing  the  pressed  steel  collar  over  the  brushes. 
Keep  the  commutator  free  from  dirt  or  oil.  When  dirty,  clean 
with  a  cloth  (not  waste).    If  the  commutator  is  found  to  be 
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rough,  smooth  with  fine  sandpaper,  but  do  not  use  emery  cloth. 
The  brushes  should  not  be  removed  except  in  case  of  trouble. 
To  remove  brushes  disconnect  the  leads  and  raise  the  springs 
which  rest  on  the  top  of  the  brushes. 

If  it  should  be  necessary  to  install  new  brushes,  they  should 
be  obtained  from  the  Hares  Motors  Service  Department  or  the 
manufacturer  of  the  generator,  and  when  new  brushes  *are  in- 
stalled care  should  be  taken  to  see  that  they  have  a  good  bearing 
fit  over  their  entire  surface  on  the  commutator.  To  obtain  a 
good  fit  grind  them  in  by  using  sandpaper  under  the  brush.  The 
oilers  at  each  end  of  the  generator  should  be  given  three  or  four 
drops  of  the  best  quality  light  oil  once  every  month. 

Starting  Motor. — The  starting  motor  is  a  No.  775  Frame  West- 
inghouse.  It  is  a  series  type  motor  fitted  with  an  automatic 
electro-magnetic  pinion  shaft.  Examine  the  commutator  occa- 
sionally by  removing  the  spring  collar  over  the  brushes  and 
clean  in  the  same  manner  as  described  for  the  generator. 

Do  not  remove  the  brushes  unless  it  is  necessary.  To  remove 
brushes,  lift  the  spring  that  holds  the  brush  in  the  guide  and 
take  out  the  screw  which  holds  the  brush  shunt,  then  the  brush 
may  be  slipped  out.  When  the  brushes  are  removed  they  should 
be  replaced  in  their  original  holder  with  the  proper  side  up  and, 
if  necessary,  should  be  ground  in  as  described  for  generator 
brushes. 

Examine  the  wire  connection  on  the  motor  occasionally  and 
see  that  it  is  kept  tight.  Also  examine  the  splined  shaft  and 
keep  it  as  clean  as  possible  so  that  the  pinion  will  shift  freely. 

To  Remove  Motor. — The  starting  motor  may  be  removed  by 
loosening  the  clamp  bolts  on  the  bracket  and  slipping  the  motor 
out.  Care  should  be  taken  when  replacing  the  motor  to  make 
sure  that  the  pinion  will  mesh  freely  to  a  proper  depth.  The  oil 
cup  at  each  end  of  the  motor  should  be  given  three  or  four  drops 
of  a  good  light  machine  oil  every  month.  Give  the  splined  shaft 
a  few  drops  of  engine  oil  occasionally. 

LIGHTING  AND  STARTING  SYSTEM 

Delco  Faults. — 1.  If  starter,  lights  and  horn  all  fail,  the  trouble 
is  in  the  storage  battery  or  its  connections,  such  as  a  loose  or 
corroded  connection  or  a  broken  battery  jar.  2.  If  the  lights, 
horn  and  ignition  are  all  O.K.,  but  the  starter  fails  to  crank,  the 
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trouble  is  in  the  motor  generator,  such  as  dirt  or  grease  on  the 
motor  commutator,  or  the  motor  brush  *not  dropping  on  the 
commutator.  3.  If  the  starter  fails  to  crank  or  cranks  very 
slowly,  and  the  lights  go  out  or  get  very  dim  while  cranking, 
it  indicates  a  loose  or  corroded  connection  on  the  storage  battery, 
or  a  nearly  depleted  storage  battery. 

If  the  ignition  system  fails,  and  the  supply  of  current  from 
the  storage  battery  is  O.K.,  the  trouble  must  be  in  the  coil,  re- 
sistance unit,  timer  contacts  or  condenser. 

TWO-UNIT  SYSTEM 

In  event  of  trouble,  most  makers  recommend  a  careful  study 
of  the  symptoms,  which  will  usually  provide  a  guide  to  find  the 
component  at  fault.  The  indicator  or  amperemeter  on  the  dash 
shows  positively  any  failure  of  the  generator  or  any  break  in 
the  wiring.  If  the  indicator  does  not  indicate  "charge"  when 
the  engine  is  speeded  up  but  shows  "discharge"  when  lights  are 
turned  on  and  the  engine  at  rest,  the  dynamo  or  current  regu- 
lator is  not  working  properly. 

A  common  trouble  is  the  dynamo  brushes  not  sliding  freely 
in  their  holders.  If  the  dynamo  is  driven  by  friction  belt,  this 
may  be  too  loose  to  drive  the  dynamo  at  proper  speed. 

If  the  indicator  does  not  indicate  "charge"  with  the  engine 
speeded  up  and  does  not  indicate  "discharge"  with  the  lights  on 
and  the  engine  at  rest,  one  should  look  for  an  open  circuit  or 
loose  connection  in  the  battery  wiring  or  for  corrosion  or  loose- 
ness in  the  storage  battery  terminals.  Sometimes  the  dynamo 
terminals  may  have  loosened  and  imperfect  contact  exist  at  this 
point. 

Should  the  indicator  show  "discharge"  with  the  lights  turned 
off  and  engine  at  rest  (providing  that  the  indicator  pointer  is 
not  bent),  the  insulation  on  lamp  wires  may  be  injured,  this 
permitting  contact  with  the  frame,  causing  a  short  circuit.  If 
the  indicator  indicates  "charge"  with  the  engine  at  rest,  it  is  a 
positive  indication  that  the  pointer  is  bent. 

If  the  charge  indications  are  below  normal  with  the  engine 
running,  it  may  be  on  account  of  slipping  of  the  belt  if  the  dy- 
namo is  driven  in  that  manner,  or  because  of  poor  adjustment 
of  the  current  output  governor. 

If  the  ammeter  "discharge"  indications  are  above  normal  it  is 
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a  sign  that  the  lamp  load  is  excessive  or  one  of  the  lamp  wires 
is  in  contact  with  the  frame. 

When  the  indicator  pointer  jerks  from  one  reading  to  an- 
other with  engine  running  at  constant  speed  on  the  discharge 
scale,  it  means  either  a  short  circuit  in  the  system  or  a  loose 
terminal. 

If  trouble  is  experienced  from  fuses  burning  out  repeatedly, 
it  is  a  sign  that  the  lamp  wires  are  in  contact  with  the  frame  at 
some  point  or  that  one  of  the  lamps  is  defective  because  of  a 
short  circuited  filament. 

If  the  starting  motor  does  not  rotate,  the  battery  may  be  dis- 
charged, the  starting  switch  may  not  be  making  good  contact 
or  a  motor  brush  may  not  make  good  contact  with  the  commu- 
tator. There  may  be  an  open  circuit  in  the  battery  wiring  to 
the  motor,  or  there  may  be  a  poor  circuit  or  contact  because  of 
corroded  battery  terminals. 

If  the  starting  motor  rotates  but  does  not  crank  the  engine, 
it  is  a  sign  that  the  overrunning  clutch  does  not  work  properly 
or  that  the  automatic  shift  starter  pinion  is  not  properly  meshed 
with  the  flywheel  gear. 

If  the  lamps  will  not  light  but  the  starter  cranks  the  engine, 
this  shows  that  the  storage  battery  is  in  proper  condition  and 
that  the  trouble  is  due  to  burned  out  or  broken  lamp  filament 
or  defective  lamp  fuses. 

If  the  lamps  burn  brightly  but  fail  to  illuminate  the  road  suf- 
ficiently, the  bulbs  may  be  out  of  focus  in  respect  to  the  para- 
bolic reflector  of  the  lamp  or  the  lamp  supports  may  be  bent  in 
such  a  way  that  the  rays  of  light  may  be  directed  too  far 
upwards. 

If  the  lamps  burn  dimly  or  not  at  all  and  it  is  difficult  to 
crank  the  engine  with  the  starting  motor,  this  means  a  weak  or 
discharged  storage  battery.  In  addition  to  this,  the  lamps  may 
be  old  and  have  blackened  insides,  the  system  might  be  slightly 
short-circuited,  or  considerable  resistance  may  be  present,  due 
to  loose  or  dirty  connections. 

If  the  lamps  blacken  or  burn  out  quickly  they  are  not  of  the 
proper  quality  if  they  are  six-volt  lamps,  and  not  of  the  proper 
voltage  if  other  than  six-volt  lamps,  providing  the  system  is  a 
six-volt,  as  most  systems  are.  There  is  one  exception  to  this 
rule,  and  that  is  the  bulbs  of  the  tail  lamp  and  dash  light,  which 
are  three-volt  lamps  when  these  two  are  wired  together  in  series. 
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Burning  out  of  the  lamps  may  be  caused  by  the  voltage  regu- 
lator not  working  properly,  and  if  this  is  the  case  the  lamps 
will  burn  out  at  high  engine  speed. 

If  the  lamps  flicker  and  the  ammeter  or  indicator  needle  is 
unsteady,  look  for  loose  connections  in  the  light  wires,  loose 
connections  between  battery  and  dynamo,  loose  contact  at  a 
lamp  connector  or  lamp  bulb,  poor  contact  between  fuses  and 
fuse  clips,  or  an  exposed  wire  touching  the  frame  intermittently. 

USE  OF  TEST  LAMP 

If  one  suspects  that  the  battery  is  discharged,  its  condition 
may  be  readily  determined  by  using  a  lamp.  The  test  lamp 
may  also  be  used  for  locating  short-circuits  or  open  circuits.  It 
is  well  to  bear  in  mind  that  the  lead  terminals  of  the  battery 
should  be  scraped  clean  and  bright  at  the  point  where  the  test 
lamp  wires  bear  in  order  to  insure  a  good  clean  contact. 

If  the  test  lamp  burns  brightly  it  shows  that  there  is  current 
in  the  storage  battery.  To  locate  a  short-circuit  the  fuses  are 
removed  from  the  rear  of  the  switch  and  the  wire  is  disconnected 
from  the  negative  battery  terminal.  Connect  one  of  the  test 
lamp  terminals  to  the  free  battery  terminal  and  touch  the  other 
test  lamp  wire  to  the  frame  of  the  car.  The  test  lamp  should 
light  if  good  contact  is  made,  this  indicating  that  the  positive 
battery  terminal  is  properly  connected  to  the  ground. 

Keep  one  test  lamp  wire  in  contact  with  the  negative  terminal 
and  touch  the  other  wire  to  the  end  of  the  battery  wire  just 
disconnected.  If  the  test  lamp  lights  it  shows  that  a  conductor 
or  wire  connected  to  the  battery,  lamps,  horn  or  starting  motor 
is  in  contact  with  or  grounded  to  the  frame  of  the  car. 

Any  wires  having  injured  insulation  should  be  wrapped  with 
electrical  tape  to  prevent  metallic  contact  between  the  conductor 
and  the  frame. 

Open  circuits  are  best  indicated  by  feeling  of  the  wires  where 
they  fasten  to  the  terminals  to  make  sure  that  positive  contact 
is  made  and  that  the  terminal  binding  nuts  are  not  loose. 

Short-circuits  may  also  be  located  if  no  test  lamp  is  available 
by  following  the  various  wires,  and  if  any  of  these  are  found  in 
contact  with  the  frame,  it  is  a  wise  precaution  to  pull  them  away 
and  to  wrap  the  section  that  was  in  contact  with  the  frame 
thoroughly  with  insulating  tape. 
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If  one  lamp  flickers  and  the  rest  burn  brightly,  look  for  a 
poor  connection  between  the  lamp  and  the  lamp  connector,  a 
loose  terminal  at  the  junction  switch  or  a  defective  fuse. 

If  all  lamps  flicker,  look  for  loose  connections  in  wiring  be- 
tween battery  and  junction  switch.  When  lamp  bulbs  have 
been  renewed  in  headlights  it  is  sometimes  necessary  to  refocus 
the  lamps. 

Headlights  should  not  exceed  15  candle-power,  and  should 
always  be  of  the  high  efficiency  filament  type.  Cheap  carbon 
filament  lamps  will  not  only  consume  undue  current  but  will 
not  prove  enduring.    Tungsten  filament  lamps  are  best. 

Cleaning  Lamps. — To  clean  head  and  side  lamp  reflectors,  re- 
move from  lamp  body  and  carefully  blow  out  any  dust  which 
may  have  collected  on  the  reflecting  surfaces.  Then  dip  a  small 
piece  of  absorbent  cotton  in  alcohol  and  lightly  wipe  over  the 
surface — always  from  the  back  to  the  front. 

FOCUSING  LAMPS 

To  focus  the  lamps,  open  the  swinging  front  of  the  lamp  and 
direct  the  light  upon  some  smooth  vertical  surface  at  a  distance 
of  about  ten  feet.  Loosen  the  adjusting  screw  on  the  slide  at 
the  rear  of  the  reflector,  and  move  the  bulb  and  socket  out  and 
in  until  all  rings  disappear  in  the  illuminated  area.  Then  tighten 
down  the  adjusting  screw  and  close  the  lamp.  Any  further 
adjustment  of  the  lamp  must  be  made  by  bending  the  arms  of 
the  lamp  bracket  with  a  heavy  wrench  until  the  light  from  each 
lamp  strikes  the  road  at  the  point  desired. 

STARTING  SYSTEM  HINTS 

Do  not  connect  additional  apparatus,  such  as  electrical  horns, 
cigar  lighters,  etc.,  to  the  system  without  taking  the  matter  up 
with  the  factory.  The  surplus  capacity  of  the  system  is  large, 
but  there  is  a  limit  to  the  amount  of  current  which  the  generator 
can  produce. 

Use  the  same  judgment  and  reason  in  the  operation  of  the 
electric  lights  on  a  car  as  you  do  those  in  your  home  or  garage. 
When  a  car  is  running  it  is  not  necessary  to  burn  all  the  lights; 
the  two  heads  and  the  tail  are  all  that  are  required  or  that  are 
of  any  service.  When  the  car  is  standing  at  night,  use  the  side 
or  dimmer  lights  or  pilot  bulbs  and  tail  lights  only. 
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When  push  type  connectors  are  used,  if  halves  of  connectors 
are  loose  when  pushed  together,  the  contact  will  be  poor.  Spread 
the  connector  posts  slightly  so  that  they  will  slide  in  their  sock- 
ets snugly.  If  Ediswan  type  are  used,  and  plunger  springs  in 
connector  do  not  operate,  replace  the  connector  with  a  perfect 
one. 

If  a  metal  battery  box  is  used  it  must  be  thoroughly  wiped 
out  with  a  cloth  saturated  with  ammonia  to  neutralize  the  acid 
and  prevent  corrosion.  The  top  of  the  battery  must  be  kept 
clean  and  dry  to  prevent  a  leakage  of  current  between  the  ter- 
minals. See  that  the  battery  is  held  securely  in  its  box  or  other 
container  and  that  clamping  bolts  are  tight.  If  necessary,  pack 
tightly  with  waste  to  prevent  the  battery  shaking  about  from 
jolting  of  the  car. 

Tools,  other  metal  articles,  or  anything  of  value  should  not 
be  placed  near  the  battery,  as  the  acid  fumes  will  corrode  and 
destroy  metal,  cloth  and  like  material. 

Make  certain  that  the  batterv  terminals  cannot  touch  the 
cover  of  a  metal  battery  box.  A  thin  sheet  of  wood  fiber  fitted 
inside  the  cover  of  the  battery  box  will  prevent  short  circuits 
or  grounds  from  this  cause. 

It  must  be  remembered  that  the  efficiency  of  any  storage  bat- 
tery decreases  with  drop  in  temperature  and  it  is  only  about  50 
per  cent  efficient  at  zero  temperature.  For  this  reason  the  de- 
mand for  current  should  be  kept  as  low  as  possible  in  cold 
weather  and  lamps  turned  off  when  not  needed. 

Starting  System  Don'ts. — Don't  replace  worn-out  brushes 
with  any  others  than  those  supplied  by  the  manufacturer. 

Don't  put  oil  or  grease  on  the  commutator  of  the  generator 
or  motor.    No  lubrication  is  wanted  there. 

Don't  turn  the  hose  on  the  generator  or  motor  when  washing 
your  car. 

Don't  tighten  up  on  the  silent  chain  drive  unless  the  slack 
becomes  excessive  from  stretching.  The  chain  must  be  run 
with  a  reasonable  amount  of  slack  to  prevent  noise  and  wear. 

Don't  fail  to  lubricate  the  silent  chain  drive  at  frequent  inter- 
vals. Noise  will  be  eliminated  and  wear  reduced.  Keep  the 
chain  and  sprockets  clean,  and  free  from  dirt  and  gravel. 

Don't  run  your  car,  if  for  any  reason  the  battery  is  discon- 
nected from  the  circuit,  unless  you  have  disconnected  the  chain 
driving  the  generator,  or  the  generator  itself  has  been  removed. 

/ 
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Don't  attempt  to  propel  car  with  starter.  Such  "stunts"  are 
interesting,  but  expensive.    Gasoline  is  for  that  purpose. 

Don't  attempt  to  make  adjustments  of  any  kind  in  the  circuit 
breaker. 

Don't  fuss  with  the  system  when  it  is  operating  properly. 

Don't  remove  any  electrical  apparatus  from  the  car  or  make 
any  adjustments  without  first  disconnecting  the  storage  battery. 
This  can  be  done  most  conveniently  by  removing  the  ground 
connection.  Remember,  a  loose,  corroded  or  dirty  connection 
on  the  battery  can  put  both  starting  and  lighting  systems  out  of 
commission. 

Don't  fail  to  immediately  switch  off  the  offending  circuit  if 
the  automatic  circuit  breaker  of  a  Delco  system  buzzes  and  indi- 
cates a  short  circuit. 

The  Care  of  the  Storage  Battery. — The  storage  battery  is  the 
part  of  the  lighting  and  starting  system  that  requires  the  most 
attention,  and  unless  this  receives  periodical  inspection  it  is  apt 
to  be  seriously  damaged.  The  interior  construction  of  an  Exide 
double  seal,  burned  connector  type  cell  is  shown  at  Fig.  412. 
The  first  point  to  observe  is  cleanliness  of  the  battery  and  in- 
terior of  the  battery  compartment,  which  must  always  be  clean 
and  dry.  All  small  articles,  especially  of  metal,  must  be  kept 
away  from  the  battery.  AH  terminals  and  connections  should 
be  kept  coated  with  vaseline.  If  any  electrolyte  has  spilled  out 
of  the  battery,  it  should  be  wiped  off  with  waste  wet  with  am- 
monia and  the  bottom  of  the  battery  compartment  covered  with 
a  small  amount  of  slaked  lime  to  neutralize  the  acid.  It  is  essen- 
tial that  pure  water  be  added  to  all  cells  regularly  and  at  suffi- 
ciently frequent  intervals  to  maintain  the  solution  at  the  proper 
height  above  the  plates.  This  height  varies  in  different  bat- 
teries, but  the  important  point  to  observe  is  that  the  plates  are 
always  covered  with  solution.  The  solution  should  never  get 
below  the  top  of  the  plates. 

The  vent  plugs  are  removed  to  add  the  distilled  water,  which 
may  be  introduced  with  a  syringe,  and  should  always  be  screwed 
down  tight  after  filling.  In  warm  weather  the  battery  cells 
should  receive  distilled  water  every  week,  and  once  every  two 
weeks  in  cold  weather.  Never  add  acid  to  the  solution  and  do 
not  use  any  water  known  to  contain  even  small  quantities  of  salts 
or  mineral  water  of  any  kind.  If  distilled  water  is  not  available, 
melted  artificial  ice  or  fresh,  clean  rain  water  may  be  used.  The 
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water  should  be  added  at  regular  intervals,  as  recommended, 
even  though  the  battery  may  apparently  function  correctly  with- 
out it. 

The  best  way  to  determine  the  condition  of  the  battery  is  to 
test  the  specific  gravity  of  the  solution  in  each  cell  with  a  hy- 
drometer. A  convenient  time  to  do  this  is  when  water  is  added, 
but  the  reading  should  always  be  taken  before  any  water  is  in- 
troduced into  the  cells.  Specific  gravity  readings  are  made  with 
a  hydrometer  syringe  of  the  type  shown.  To  take  a  reading 
with  this  instrument,  insert  the  end  of  the  rubber  tube  in  the 
cell,  being  sure  to  place  it  below  the  level  of  the  electrolyte. 
Squeeze  the  bulb,  then  slowly  release  it  to  draw  up  enough  elec- 
trolyte from  the  cell  to  float  the  hydrometer.  The  reading  is 
taken  from  the  graduated  stem  of  the  hydrometer  at  the  point 
where  it  emerges  from  the  solution. 

The  gravity  reading  is  expressed  in  "points,"  the  difference 
between  1.275  and  1.300  being  25  points.  After  testing,  the 
electrolyte  must  always  be  returned  to  cell  from  which  it  was 
taken.  When  all  cells  are  in  good  order  the  gravity  should  test 
within  25  points  of  being  the  same  in  all  cells.  A  reading  above 
1.200  indicates  the  battery  is  more  than  half  charged.  The  nearly 
complete  charge  is  indicated  by  a  reading  of  about  1.275.  A 
reading  below  1.150  indicates  that  the  battery  is  completely  dis- 
charged. The  complete  charge  is  indicated  by  a  reading  any- 
where between  1.275  and  1.300. 

In  charging  from  an  outside  source,  which  is  often  necessary 
if  the  car  is  operated  extensively  at  night  and  very  little  in  the 
daytime,  or  if  the  engine  starts  hard,  there  are  two  possible  meth- 
ods. Only  direct  current  can  be  passed  through  the  battery, 
although,  of  course,  the  current  flowing  through  the  mains  may 
be  either  direct  or  alternating.  The  most  convenient  method  of 
charging  when  a  direct  current  is  available  is  to  use  a  lamp 
bank  resistance  as  indicated  in  one  of  the  accompanying  sketches. 
This  limits  the  current  to  the  proper  charging  rate  in  amperes 
depending  upon  the  number  of  lamps  used.  The  ordinary  six- 
volt  battery  will  be  properly  charged  if  five  110-volt,  32-candle- 
power  carbon  filament  lamps  or  ten  16-candlepower  carbon  fila- 
ment lamps  are  used.  It  will  take  thirteen  40-watt  tungsten 
lamps  to  accomplish  the  same  results. 

Always  connect  the  positive  terminal  of  the  battery,  which  is 
that  marked  "P"  or  indicated  with  a  plus  sign,  to  the  positive 
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charging  wire  and  the  negative  terminal  of  the  negative  charg- 
ing wire.  If  connections  are  reversed,  serious  injury  to  the 
plates  will  result.  The  charging  wires  may  be  tested  for  posi- 
tive or  negative  polarity  by  trial  with  a  voltmeter  or  by  dipping 
the  ends  in  a  glass  of  water  containing  a  few  drops  of  electro- 
lyte. This  will  indicate  the  negative  wire  by  the  bubbles  formed 
upon  it. 

Any  storage  battery  which  is  to  stand  idle  should  first  be  fully 
charged.  A  battery  not  in  active  service  may  be  kept  in  con- 
dition by  giving  a  freshening  charge  at  least  once  a  month,  but 
it  should  also  be  given  a  thorough  charge  before  it  is  replaced 
in  service.  In  order  to  avoid  freezing  the  battery  it  should  al- 
ways be  kept  in  a  fully  charged  condition.  A  discharged  bat- 
tery will  freeze  at  20  degrees  above  zero,  while  one  that  is 
one-quarter  discharged  and  which  shows  a  specific  gravity 
of  1.260  wilt  not  freeze  at  temperatures  exceeding  60  degrees 
below  zero. 

When  5-32  candlepower  lamps  are  used  in  the  lamp  bank  it 
means  that  five  amperes  will  flow  through  the  battery.  If  the 
battery  is  completely  discharged  and  it  is  a  100-ampere-hour 
type,  it  will  take  approximately  24  hours  to  charge  it  completely. 
When  alternating  current  only  is  used  for  the  lighting  mains  it 
is  necessary  to  interpose  a  rectifier  between  the  line  wire  and 
the  storage  battery.  Simple  rectifiers  that  may  be  connected  to 
any  lamp  socket  may  be  obtained  at  relatively  small  cost  from 
dealers  in  electrical  appliances.  During  the  winter  season  it  is 
well  to  remember  that  a  storage  battery  is  only  about  50  per 
cent  as  efficient  as  during  warm  weather,  and  the  lamps  should 
only  be  used  when  necessary  and  no  current  wasted  in  useless 
engine  starting.  A  depleted  storage  battery  always  shows  when 
it  is  discharged  by  causing  the  lamps  to  burn  dimly  or  supplying 
so  little  current  that  the  starting  motor  will  barely  turn  the 
engine  crankshaft  over. 

Inspection  and  Care  of  the  Dynamo  and  Motor. — The  manu- 
facturers of  starting  and  lighting  systems  have  made  every  effort 
to  have  the  various  units  function  as  nearly  automatically  as 
possible.  At  the  same  time  some  attention  will  be  needed  by 
the  other  parts  of  the  system,  though  these  do  not  need  the 
periodic  inspection  that  must  be  given  the  storage  battery.  The 
dynamo  should  be  looked  over  and  any  carbon  dust  that  has 
been  worn  away  from  the  brushes  due  to  the  abrading  action  of 
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the  com  mutator  and  which  has  fallen  to  the  lower  portion  of  the 
commutator  compartment  should  be  blown  out  with  compressed 
air,  because  a  considerable  accumulation  of  this  material,  which 
is  a  conductor  of  electricity,  may  allow  a  leakage  of  current  to 
the  ground  or  produce  a  short  circuit  between  the  brush  carrier 
and  the  generator  casing.  A  blackened  or  rough  commutator 
must  be  smoothed  down  with  fine  sandpaper  while  the  armature 
is  rotating.  The  makers  give  positive  instructions  that  emery 
cloth  should  not  be  used  for  this  purpose.  After  the  commu- 
tator has  been  smoothed,  all  particles  of  metal  should  be  removed 
fmm  the  insulation  between  the  copper  segments,  and  care  should 
be  taken  that  this  insulating  material  does  not  project  higher 
than  the  surfaces  of  the  segments.  Any  projections  should  be 
filed  down  to  a  lower  level  than  that  of  the  copper  members 
upon  which  the  brushes  bear. 

The  brushes  must  not  only  make  perfect  mechanical  contact 
with  the  commutator,  but  they  must  also  be  in  good  electrical 
connection  with  it.  Oil  or  grease  on  the  brush  assembly  or  seg- 
ments should  be  removed,  and  it  is  well  to  make  sure  that  there 
is  sufficient  spring  tension  to  keep  the  brushes  in  positive  con- 
tact with  the  commutator.  At  the  same  time,  the  spring  tension 
should  not  be  excessive,  because  too  much  spring  pressure  will 
cause  untimely  deterioration  of  the  brushes  and  will  also  tend 
to  heat  the  commutator.  The  starting  motor  is  subject  to  the 
same  electrical  troubles  as  the  generator.  Defects  in  either  the 
motor  or  dynamo  driving  mechanism  are  of  a  purely  mechanical 
nature  and  can  be  easily  corrected  by  any  mechanic.  The  cen- 
trifugal governors  used  on  a  number  of  the  generators  applied  to 
cars  several  years  old  are  not  apt  to  give  trouble  unless  parts 
become  broken  or  the  action  becomes  clogged  with  gummed  oil 
or  grease.  Any  oil  between  the  clutch  faces  will  prevent  proper 
frictional  adhesion,  while  broken  links  or  springs  in  the  gov- 
ernor mechanism  will  disturb  the  continuity  of  the  drive. 

Lamp  Troubles  and  Their  Causes. — All  wiring  should  be  pro- 
tected from  the  possibility  of  becoming  covered  with  grease,  oil 
or  water,  and  in  all  cases  the  regular  insulation  should  be  sup- 
plemented by  a  conduit  of  insulating  material  or  a  substantial 
armor.  All  connections  should  be  gone  over  to  make  sure  that 
these  are  tight.  If  a  fuse  is  blown  or  if  the  protective  circuit 
breaker  operates,  this  indicates  a  "short  circuit"  between  one  of 
the  current-conveying  wires  and  the  metal  frame  of  the  car.  A 
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short  circuit  is  often  indicated  by  the  action  of  the  amperemeter. 
If  the  pointer  vibrates  on  the  discharge  side  it  shows  that  there 
is  a  path  for  the  passage  of  current  between  one  of  the  wires 
leading  to  the  lamps  or  other  current-consuming  units  and  the 
frame.  If  the  lamps  do  not  functionate  properly,  trouble  may  be 
looked  for  in  the  wiring  or  in  defective  lamps.  In  many  light- 
ing systems  the  dash  and  tail  lights  are  wired  in  series,  and  if 
one  of  these  goes  out  it  will  produce  a  break  in  the  circuit  and 
automatically  make  the  other  go  out  also.  Lamp  troubles  may 
be  usually  laid  to  defective  wiring,  "grounds,"  loose  contacts, 
defective  fuses  and  switches.  Dim  lights  indicate  a  rundown 
storage  battery. 

The  user  of  an  electric  starting  and  lighting  system  will  avoid 
trouble  by  observation  of  the  few  simple  rules  which  follow  and 
which  have  been  formulated  by  a  prominent  manufacturer  of 
these  systems: 

First — Always  be  sure  that  the  battery  is  properly  charged 
and  that  all  connections  throughout  the  system  are  clean  and 
firm.  Second — If  the  generator  is  suspected,  the  only  point  lia- 
ble to  be  at  fault  is  the  brush  contact  at  the  commutator  or 
accumulations  of  oil  and  grease  on  the  commutator.  Short-cir- 
cuited armature  or  field  windings  are  extremely  rare.  Do  not 
replace  worn-out  dynamo  or  starting-motor  brushes  with  any 
other  than  those  supplied  by  the  manufacturer,  and  be  sure  that 
the  brushes  are  properly  fitted  to  the  commutator.  Never  put  . 
oil  or  grease  on  the  commutator  of  the  generator  or  starting 
motor,  as  this  is  a  point  that  requires  no  lubrication.  Never  turn 
the  hose  on  the  generator,  starting  motor  or  any  of  the  regulat- 
ing devices  when  washing  the  car.  Third — Inspect  the  gener- 
ator driving  means  from  time  to  time.  If  a  silent  chain  is  used 
don't  tighten  up  the  chain  unless  the  slack  becomes  excessive 
from  wearing  of  the  link  rivets.  It  is  necessary  to  operate  a 
silent  chain  reasonably  loose  to  prevent  noise  and  wear.  The 
silent  chain  drive,  if  exposed,  must  be  cleaned  at  frequent  inter- 
vals and  lubricated.  Fourth — Never  run  the  car  if  for  any  reason 
the  battery  is  disconnected,  unless  the  chain  driving  the  gener- 
ator or  the  generator  itself  has  been  removed.  Never  attempt  to 
propel  a  car  with  a  starter.  Such  "stunts"  are  possible,  but 
expensive!  Do  not  attempt  to  make  any  adjustments  of  any 
kind  in  the  circuit  breaker,  regulating  relays  or  dynamo-output 
governors.    Always  have  this  work  done  by  a  competent  me- 
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chanic  familiar  with  the  system.  Never  fuss  with  the  system 
when  it  is  operating  properly. 

Washing  the  Truck. — When  the  varnish  is  new  and  not  very 
thoroughly  seasoned  it  is  easily  affected.  Washing  frequently 
with  pure  water  hardens  the  varnish  and  keeps  it  from  spotting. 
Do  not  wash  hood  while  it  is  hot.    The  effect  is  the  same  as 


— 


Fig.  415.— Wiring  Diagrams  Showing  Electrical  Systems  of  Nash  Light 

Truck. 

washing  it  with  hot  water,  the  result  being  that  the  gloss  disap- 
pears before  long  and  the  finish  is  very  apt  to  crack. 

When  washing  a  truck  care  should  be  taken  that  water  in 
large  quantities  does  not  get  inside  of  hood  and  accumulate  in 
the  valve  caps  and  other  places  where  it  would  be  most  unde- 
sirable. If  water  gets  on  hot  spark  plugs,  cracking  is  sure  to 
result.  Special  care  should  also  be  observed  in  connection  with  the 
clutch  oil  retaining  rim  of  the  flywheel,  for  it  will  serve  equally 
well  in  retaining  water,  which  will  be  damaging  to  the  clutch 
leather.  Do  not  allow  water  to  get  on  the  clutch  or  inside  of  the 
flywheel.    Caution  should  be  exercised  to  keep  the  dust  pan  as 
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clean  as  possible.  Accumulation  of  oil,  grease,  etc.,  constitutes 
a  serious  danger  from  fire  that  should  not  be  overlooked.  It  is 
advisable  to  disconnect  one  of  the  battery  terminals  before  clean- 
ing engine  with  kerosene.    Never  use  gasoline  for  cleaning. 

Grit,  mud  and  dirt  are  the  sources  of  greatest  wear  to  a  motor 
truck.  If  all  such  deposits  are  promptly  removed  after  every 
run,  the  life  of  the  truck  will  be  greatly  prolonged. 

Metal  Polish. — For  polishing  metal  parts,  use  any  good  polish 
and  take  care  not  to  get  any  on  varnished  parts  of  the  truck. 
After  liquid  polish  has  dried  on  metal  parts,  take  a  rag  moistened 
with  water,  sprinkle  on  a  few  drops  of  alcohol  and  rub  off  dried 
polish.  Then  polish  with  dry  rag.  Use  crude  oil  or  kerosene 
and  apply  with  a  soft  rag  to  remove  road  oil  and  hardened 
grease.  Use  clean  vinegar  and  apply  with  a  soft  cloth  (cheese- 
cloth or  gauze)  to  clean  celluloid. 
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CHAPTER  XII 

GASOLINE  TRUCK  REPAIR  AND  ADJUSTMENT 

Tools  and  Accessory  Equipment  of  Trucks — Engine  Repairing — Loss  of 
Power — Poor  Compression — Carbon  Deposits — Valve  Grinding — 
Timing  Valves — Timing  Gears — Timing  by  Piston  Movement — Re- 
placing Gasket — Care  of  Piston  and  Rings — Noisy  Operation- 
Adjusting  Bearings — Scraping  Bearings — Mixture  Troubles — Igni- 
tion System  Derangements— Cooling  and  Lubrication — Group  Faults 
— Clutch  Repairs — Looking  Over  Gear  Box— Transmission  of  I.  H. 
C.  Truck— Rear  Axle  and  Shafts— How  to  Adjust  Gears  in  the 
Timken-Detroit  Rear  Axle— I.  H.  C.  Rear  Axle— To  Adjust  Bevel 
Gears — Worm  Drive  Axle — Chain  Drive — Care  of  Chains — Care  of 
Brakes — Service  Brake— Pierce  Truck  Brakes — Gear  and  Wheel 
Pullers — Wheel  Alignment — Care  and  Adjustment  of  Front  Wheel 
Bearings — Rear  Wheel  Bearings — Steering  Gear,  Care  and  Adjust- 
ment of — Chassis  Repairs. 

Tools  and  Accessory  Equipment  of  Trucks. — The  following  is 
supplied  as  standard  equipment  on  all  Pierce-Arrow  chassis: 
Cab  Top,  Cushion,  Curtains,  Frame,  Sills  and  painting  to  speci- 
fications: Hubodometer,  Hand  Klaxon  Horn,  two  Side  Lamps 
(oil),  one  Tail  Lamp  (oil),  license  number  attaching  plates. 

A  Heavy  Reinforced  Tool  Box  is  mounted  on  rigid  brackets. 
This  is  shown  at  Fig.  416,  attached  to  the  chassis  frame  and  lo- 
cated on  right-hand  side  of  truck.  Tool  box  has  armored  top 
and  Yale  lock  with  duplicate  keys.  The  interior  is  arranged 
with  compartments  and  with  straps  to  hold  the  contents  firmly 
in  place.  A  special  place  is  provided  for  clamping  on  the  vise 
when  it  is  being  used  on  the  road. 

The  Tool  Box  Contains 

1  5-lb.  Can  Gear  Grease  1  Neatsfoot  Oil  Can. 

1  1-lb.  Can  special  Lubricating    1  Machine  Oil  Can 

Compound  for  Water  Pump     1  8-inch  Flat  Mill  File 

1  1-gal.  Can  Engine  Lubricat-    1  6-inch  Round  Bastard  File 

ing  Oil  1  Funnel 
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1  Hammer 
1  Jack 

1  Rubber  Pail 
1  8-inch  Reed  Pliers 
1  Grease  Pump 
1  Nail  Set 

1  8-inch  Perfect  Handle  Screw- 
driver 

1  2-inch  Perfect  Handle  Screw- 
driver 

1  Wrench  for  Carburetor  Ad- 
justing" Needle 
1  6-inch  B.  &  S.  Wrench 
1  7-inch  B.  &  S.  Wrench 
1  14-inch  B.  &  S.  Wrench 
1  No.  723  Open  End  Wrench 
1  No.  27  Open  End  Wrench 


1  Hub  Cap  Wrench 
1  Magneto  Wrench 

1  Fan  Belt 

2  Mounted  Valves 
2  Spark  Plugs 

1  Vise 

Cotter  and  Taper  Pins 

1  No.  23292  Open  End  Double 

Head  Wrench 
1  No.  1034  Open  End  Double 

Head  Wrench 
1  No.  36819  Open  End  Double 

Head    Wrench    for  Spring 

Clips. 

1  No.  20361  Valve  Cap  Wrench 
and  Handle 


Another  typical  outfit  of  tools  supplied  with  high-grade  trucks 
is  shown  at  Fig.  417,  this  being  the  equipment  furnished  with 


Fig.  416.  Tool  Outfit  of  Picrcc-Arrow  Truck,  and  Method  of  Carrying 

This  Equipment. 
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White  trucks.  As  all  parts  are  clearly  indicated  in  the  illustra- 
tion, it  is  not  necessary  to  enumerate  the  various  items.  Enough 
tools  are  supplied  to  do  ordinary  repairs  and  make  usual  ad- 
justments, but  for  a  complete  overhauling  a  number  of  special 
tools  will  be  required. 

Engine  Repairing. — The  main  troubles  with  the  power  plant 
are  loss  of  power,  irregular  action,  overheating,  and  noisy  opera- 
tion. The  first  usually  denotes  some  fault  in  the  piston  rings 
or  valves  of  the  engine,  and  is  due  primarily  to  poor  compres- 
sion. Irregular  operation,  which  is  the  condition  that  exists 
when  cylinders  do  not  fire  regularly,  is  nearly  always  the  result 
of  defects  in  the  gas  supply  system  or  the  ignition  appliances. 
Overheating  invariably  denotes  inadequate  lubrication  or  fail- 
ure of  the  cooling  system.  Noisy  operation  can  always  be  ac- 
cepted as  a  condition  due  to  mechanical  wear. 

Loss  of  Power. — While  loss  of  power  is  usually  a  condition 
that  can  be  ascribed  to  poor  compression,  it  will  result  indirectly 
if  any  of  the  other  faults  are  evident.  Obviously,  if  an  engine 
is  missing  explosions  and  is  not  firing  regularly,  its  power  will 
be  reduced  materially  and  thus  the  condition  of  "skipping"  or 
"missing  fire."  as  it  is  called,  will  produce  loss  of  power  indi- 
rectly. If  the  engine  is  overheated  so  that  the  various  parts  are 
running  with  considerable  friction,  there  will  be  a  loss  of  power 
because  of  the  increased  internal  load  in  the  motor  itself.  Over- 
heating may  be  directly  caused  by  failure  of  the  oil  supply,  in 
which  case  the  consequences  are  apt  to  be  serious  unless  the 
motor  is  stopped  as  soon  as  this  defect  is  apparent.  Troubles 
with  the  cooling  system  are  easily  determined  by  the  steam 
which  issues  from  the  radiator  or  cooling  tank.  Motor  truck 
power  plants  are  generally  housed  in  an  accessible  manner,  as 
they  are  under  a  hood  or  bonnet  and  may  be  easily  reached. 
The  power  plant  shown  at  Fig.  418  is  a  typical  truck  engine, 
and  some  of  the  parts  that  may  give  trouble  are  shown  in  detail. 

If  it  is  desired  to  remove  the  cylinders,  the  first  step  is  to 
take  off  the  exhaust  and  intake  manifolds,  then  the  cylinder 
pairs  or  block  may  be  pulled  off  of  the  engine  base  by  removing 
the  nuts  that  hold  it  in  place.  The  valves  may  be  ground  with- 
out removing  the  cylinders,  and,  in  fact,  all  working  parts  of 
this  motor  may  be  reached  without  taking  the  lower  portions  of 
the  crankcase  or  engine  bed  from  its  position  on  the  truck  frame. 
If  adjustments  are  necessary  to  the  bearings  of  the  crankshaft, 
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the  bottom  half  of  the  horizontally  divided  crankcase  may  be 
removed  without  difficulty  by  loosening  a  few  oil  pipes  and  bolts 
holding  the  crankcase  halves  together.  When  this  bottom  mem- 
ber is  removed  the  entire  interior  of  the  crankcase,  including  the 
camshaft,  is  open  for  inspection. 

The  point  of  accessibility  is  one  that  is  given  special  promi- 
nence in  the  design  of  motor  truck  power  plants ;  much  more  so 
than  is  the  case  in  the  small  gas  engines  used  for  automobile 
propulsion.  This  is  on  account  of  the  larger  size  of  the  engine 
parts  and  the  difficulty  which  obtains  in  handling  them  without 
proper  facilities. 

A  breakdown  on  the  road  is  not  always  serious  if  the  parts 
can  be  readily  reached,  but,  on  the  other  hand,  it  may  mean  the 
expenditure  of  considerable  time  and  money  if  the  entire  engine 
has  to  be  dismantled  every  time  the  interior  mechanism  is  out 
of  order.  There  are  some  automobile  engines  where  it  is  prac- 
tically impossible  to  reach  the  pistons  without  taking  the  cyl- 
inders off  the  engine  bed  and  where  the  entire  engine  must  be 
taken  apart  to  get  at  the  main  bearings  of  the  crankshaft  or  the 
bushings  in  the  big  ends  of  the  connecting  rods.  This  is  not 
tolerated  by  the  expert  motor  truck  operator,  and  the  factor  of 
accessibility  of  components  alone  may  make  or  prevent  the  sale 
of  a  machine. 

Poor  Compression. — If  the  engine  is  losing  power  and  the 
power  loss  is  not  accompanied  by  skipping,  overheating  or  noisy 
operation,  it  is  due  to  poor  compression.  This  results  from  con- 
ditions inside  or  outside  of  the  cylinders  that  will  allow  leakage 
of  gas  from  the  interior.  Gas  may  escape  through  defective 
valve  operation  caused  by  the  valves  not  seating  properly  or 
being  out  of  time.  If  the  valve  system  is  all  right,  the  trouble 
is  generally  due.  to  faulty  piston  rings  or  worn  or  scored  cylin- 
ders. The  method  of  testing  for  poor  compression  is  simple, 
consisting  of  cranking  the  engine  without  the  ignition  system 
being  turned  on  and  with  compression  relief  cocks  closed.  If 
the  engine  turns  over  easily  and  no  appreciable  resistance  is  felt, 
it  is  invariably  due  to  a  loss  of  gas  from  one  or  more  of  the 
cylinders.  If  it  is  a  multiple  cylinder  engine,  the  defective  mem- 
ber may  be  easily  determined  by  cranking  over  the  motor  with 
all  of  the  compression  cocks,  except  one,  open.  Each  cylinder 
is  tested  in  turn,  and  the  thing  to  remember  is  to  keep  the  com- 
pression cock  in  the  cylinder  that  is  to  be  tested  closed,  while 
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the  others  are  left  open  so  that  the  engine  can  be  turned  with 
minimum  resistance.  The  cylinders  that  have  good  compression 
will  offer  a  decided  resistance  to  turning  the  crankshaft,  while 
those  in  which  compression  is  weak  will  permit  one  to  turn  the 
crank  very  easily. 

If  compression  is  poor,  the  first  thing  to  do  is  to  inspect  the 
external  parts  which  may  be  easily  reached.    This  means  look- 


Pig.  419. — Showing  Method  of  Removing  Copper  Asbestos  Gasket  Used 
Between  Cylinder  Head  and  Cylinder  Block  Casting  of  the  Ford 
Engine. 


ing  for  a  leak  at  valve  chamber  caps,  spark  plug  gaskets,  or 
blown  packing  between  cylinder  and  cylinder  head,  if  that  con- 
struction is  employed.  Other  causes  are  broken  valve  springs, 
sticking  or  bent  valve  stems,  poor  valve  plunger  adjustment 
(usually  caused  by  loose  adjusting  screw  which  has  worked  up 
and  kept  the  valve  from  seating),  or  a  defective  priming  cock. 
Some  of  the  defects  of  the  internal  parts  which  may  be  looked 
for  are  a  broken  valve  (rare),  a  warped  valve  head,  dirt  under 
valve  head,  which  prevents  valve  from  seating;  burnt  or  pitted 
valve  seat  or  valve  head,  cracked  piston  head  or  cylinder  (rarely 
occurs),  broken  piston  rings,  piston  ring  slots  in  line,  loss  of 
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piston  ring  elasticity  or  spring  or  piston  rings  gummed  in  the 
piston  grooves.  The  piston  and  cylinder  walls  may  be  badly 
scored  by  defective  lubrication  or  a  deep  groove  may  have  been 
cut  in  the  cylinder  by  a  loose  wristpin,  which  allows  the  gas  to 
blow  by  very  easily. 

Carbon  Deposits. — One  of  the  fertile  causes  of  general  motor 
inefficiency  and  the  one  which  most  often  contributes  to  loss  of 
power,  as  well  as  noisy  operation,  is  the  deposit  of  carbon  that 


Pig.  420. — Method  of  Removing  Carbon  Deposits  from  Piston  Top  and 

Cylinder  Block. 

accumulates  in  the  combustion  chamber.  These  deposits  result 
from  burnt  cylinder  oil  and  sometimes  from  excessively  rich 
mixture,  and  are  more  apt  to  exist  on  motors  operating  on  low 
grade  fuel,  such  as  kerosene  or  distillate,  than  in  gasoline  en- 
gines, where  combustion  is  more  perfect.  These  deposits  ac- 
cumulate on  the  piston  top  and  in  the  interior  of  the  combustion 
head  and  valve  chamber.  They  interfere  with  correct  valve 
operation  by  gumming  up  the  valves  and  prevent  a  full  charge 
from  reaching  the  motor,  as  well  as  retarding  the  prompt  ex- 
pulsion of  burnt  gases  by  building  up  around  the  valves. 
The  deposits  in  the  cylinder  head  may  cause  trouble,  owing 


Digitized  by  Google 


698 


The  Motor  Truck 


to  some  projecting"  particle  remaining  incandescent  from  the  heat 
of  a  previous  explosion  and  firing  the  fresh  charge  prematurely. 
Carbon  deposits  always  produce  loss  of  power,  but  their  pres- 
ence is  usually  clearly  indicated  by  a  pronounced  knocking  or 
pounding  noise.  The  only  remedy  for  this  defective  condition 
is  to  remove  them  from  the  engine  interior.  This  is  done  by 
scraping  away  the  material  with  small  hoe-form  steel  scrapers 
that  may  be  inserted  through  the  holes  left  when  the  valve  cham- 
ber caps  are  removed  or  by  removing  the  cylinder  head  if  the 
construction  permits,  as  shown  at  Fig.  419.  This  is  one  of  the 
marked  advantages  of  the  detachable  head  design.  The  head 
may  be  removed  without  disturbing  the  rest  of  the  motor  and 
the  deposits  of  carbonaceous  substance  may  be  scraped  from 
both  cylinder  head  and  piston,  as  at  Fig.  420.  If  the  deposit* 
are  of  long  standing  and  the  motor  is  not  a  detachable  head  form 
it  will  be  necessary  to  dismantle  the  motor  in  order  to  reach 
them  and  secure  their  positive  removal. 

This  accumulation  may  be  prevented  by  careful  supervision 
of  the  amount  of  oil  supplied  the  motor,  making  sure  that  it  is 
never  in  excess  of  the  actual  requirements,  using  only  the  best 
grades  of  cylinder  oil  having  a  high  fire  test,  and  by  careful 
regulation  of  the  mixture  to  insure  that  the  fuel  and  air  pro- 
portions will  be  those  that  will  burn  without  leaving  a  residue. 

These  deposits  may  be  reduced  to  some  extent  by  injecting 
three  or  four  tablespoonfuls  of  kerosene  into  the  cylinders  at 
the  end  of  a  day's  run,  through  the  priming  cocks.   This  softens 
the  deposit  which  has  accumulated  during  the  day,  and  when 
the  engine  is  started  up  the  next  morning  the  dissolved  carbon 
will  be  ejected  through  the  exhaust,  as  it  will  be  carried  out  by 
the  burnt  gases.    The  soft  deposit  is  not  difficult  to  cope  with 
and,  in  fact,  various  chemical  carbon  removers  are  advertised 
quite  extensively  which  will  remove  it  without  making  it  neces- 
sary to  take  the  motor  apart,  and  it  may  be  burned  out  with 
the  aid  of  oxygen,  provided  the  accumulations  are  not  of  too 
long  standing.   The  hard,  thoroughlv  baked  on  carbon  can  only 
be  removed  positively  by  mechanical  means,  as  the  repairman 
can  be  sure  the  troublesome  deposit  is  removed  when  the  parts 
are  exposed  as  at  Fig.  420. 

Valve  Grinding. — The  most  common  cause  of  lost  compres- 
sion is  leaky  valves,  and  this  condition  materializes  on  even  the 
best  constructed  motor  truck  engine.    This  is  one  point  that 
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requires  periodical  attention,  and,  as  a  rule,  the  first  thing  done, 
if  the  engine  lacks  power,  is  to  grind  in  the  valves  to  a  new- 
seating.  The  inlet  valves  do  not  need  grinding  as  often  as  the 
exhausts  do,  but  they  are  generally  refitted  at  the  same  time 
that  the  exhaust  members  are  ground  to  a  new  seat.  When  a 
valve  needs  grinding  the  defective  conditions  that  make  this 
necessary  are  apparent  at  a  glance. 

The  first  step  when  valves  are  suspected  is  to  remove  them 
from  the  cylinder.    The  method  of  doing  this  is  clearly  outlined 


Fig.  421. — Valve  Chamber  Cover  Plates  Must  Be  Removed  to  Gain  Ac- 
cess to  the  Valve  Springs. 


at  Figs.  421  and  422.  It  is  necessary  to  release  the  valve  spring 
pressure  sufficiently  so  the  key  or  pin  which  keeps  the  collar 
against  the  lower  end  of  the  valve  spring  in  place  may  be  with- 
drawn from  the  valve  stem.  The  method  of  doing  this  is  shown 
at  Fig.  422.  The  first  operation  is  to  remove  the  valve  cap  and 
then  the  manifolds  may  be  taken  from  the  motor  if  it  is  not  a 
detachable  head  type.  If  it  is  a  detachable  head  type,  as  when 
the  motor  is  an  overhead  type  or  one  of  recent  design,  it  is  not 
difficult  to  secure  access  to  the  valves  by  removing  the  head 
casting.    The  valve  head  is  then  kept  in  place  by  pressing  down 
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on  it  with  a  screwdriver  and  the  valve  spring  is  raised  either  by 
means  of  a  special  valve  spring  lifter  or  by  using  an  end  or  S. 
wrench  or  any  other  fork  form  tool  that  will  raise  the  valve 
spring  without  touching  the  valve  stem.  After  the  pin  or  key 
is  withdrawn  from  the  valve  stem,  the  valve  may  be  easily  lifted 
from  the  cylinder. 

The  method  of  valve  grinding  is  simple,  and  two  ways  of 
accomplishing  this  are  shown  at  Figs.  423,  A,  and  424,  B.  Be- 


Fig.  422. — Special  Tool  for  Raising  Valve  Springs  When  Inlet  and 
Exhaust  Manifolds  are  Taken  Off  of  the  Cylinder  Block. 


fore  the  valve  is  replaced  in  the  cylinder  the  stem  is  thoroughly 
cleaned  by  means  of  emery  cloth  and  all  gummed  oil  is  cleaned 
out  of  the  valve  stem  guides.  A  light  spring  is  placed  between 
the  valve  head  and  the  end  of  the  valve  stem  guide  in  order  to 
raise  it  from  its  seat  when  pressure  on  the  grinding  tool  is  re- 
lieved. Special  and  somewhat  costly  valve  grinding  tools  have 
been  devised  and,  while  these  members  are  thoroughly  practical, 
a  very  efficient  and  satisfactory  appliance,  which  is  almost  uni- 
versally used,  is  the  ordinary  bit  brace.  A  screwdriver  bit  is 
made  to  turn  the  valve,  provided  that  the  head  is  properly  slotted^ 
to  receive  this  form  of  tool.    Sometimes  the  valve  head  is  pro- 
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vided  with  two  holes,  and  is  then  turned  by  a  simple  forked 
tool,  which  may  be  easily  hammered  up  to  shape  so  it  will  fit 
the  bit  stock. 

The  faces  of  the  valve  and  the  valve  seat  are  smeared  with 
a  mixture  of  emery  and  oil  made  into  a  thick  paste.  If  the 
valve  surfaces  are  deeply  scored  or  pitted  it  will  be  necessary 
to  start  grinding  with  a  medium  grade  emery.  In  grinding, 
only  sufficient  pressure  to  keep  the  valve  against  the  seat  is 


Fig.  423.— Method  of  Grinding  Valves  in  I.  H.  C.  L  Head  Motor 
Shown  at  A.  How  to  Adjust  Tappets  Shown  at  B.  Valve  Timing 
Marks  for  I.  H.  C.  Engine  at  C. 


used,  and  this  is  relieved  from  time  to  time  in  order  that  the 
valve  may  be  lifted  from  its  seat  by  the  coil  spring  beneath  it. 
Valves  are  not  ground  with  a  continuous  rotary  motion.  The 
oscillating  motion  that  would  result  if  the  bit  stock  was  turned 
nearly  a  complete  revolution  and  then  back  around  again  is 
better,  lifting  the  valve  from  the  scat  frequently  to  prevent  the 
accumulation  of  little  balls  of  emerv  which  mav  score  the  seat 
quite  badly.  Too  much  pressure  will  also  do  more  harm  than 
good.    The  valve  should  be  taken  from  the  cylinder  and  the 
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valve  head  and  seat  thoroughly  cleaned  with  gasoline.  New 
abrasive  should  be  used  each  time  the  valve  is  replaced  for  grind- 
ing. If  the  valve  seat  is  very  rough,  the  simple  reaming  opera- 
tion shown  at  Fig.  425  will  smooth  it  down  and  the  grinding 
operation  will  not  take  as  much  time.  It  may  be  necessary  to 
true  off  the  valve  face,  also,  if  it  is  badly  scored  or  pitted  before 
grinding  is  attempted.  This  may  be  done  with  a  simple  hand 
tool  made  for  the  purpose  or  may  be  done  by  swinging  the  valve 


Fig.  424.— How  to  Remove  Cylinder  Head  of  Overhead  Valve  Engine 
at  A.    Method  of  Valve  Grinding  Clearly  Outlined  at  B. 

in  a  lathe  and  facing  of  the  seat  with  a  fine  file  if  it  is  soft  or 
with  an  emery  center  grinder  if  it  is  too  hard  to  be  filed. 

After  most  of  the  roughness  has  been  smoothed  down  by 
grinding  and  the  valve  head  and  seat  begin  to  have  an  even  ap- 
pearance, which  is  an  indication  of  a  smooth  surface,  the  mixture 
of  medium  grade  emery  and  oil  may  be  replaced  by  one  of  floor 
emery,  crocus,  or  ground  glass,  which  may  be  mixed  with  kero- 
sene, instead  of  the  heavier  lubricating  oil.  These  make  fine 
mixtures  for  polishing  the  valve  seat.  When  the  valve  has  been 
properly  ground  it  will  be  smooth  and  have  a  bright  ring  all 
round  its  face.  The  valve  seat  will  also  show  bright.  An  im- 
portant precaution  to  observe  when  grinding  valves,  especially 
on  horizontal  motors,  is  that  none  of  the  abrasive  reaches  the 
interior  of  the  engine  cylinder.  This  is  easily  done  by  blocking 
the  port  or  passage  between  the  valve  and  combustion  chamber 
with  a  wad  of  cloth,  to  which  a  string  is  attached  so  it  may  be 
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withdrawn  from  the  cylinder  without  trouble  in  case  it  should 
become  dislodged  from  its  position  and  fall  in. 

Timing  Valves. — When  the  grinding  process  is  completed  and 
the  valve  springs  have  been  replaced,  it  will  be  well  to  see  that 
the  valves  are  timed  properly  before  the  manifolds  are  put  back. 
An  important  point  to  observe  is  that  the  proper  amount  of 
clearance  between  the  end  of  the  valve  stem  and  the  plunger  is 
retained.    During  the  process  of  grinding  it  may  be  possible  to 


Fig.  425. — Showing  Use  of  Valve  Seat  Reamer  for  Smoothing  Scored  or 

Pitted  Valve  Seats. 


bed  the  valves  down  enough  so  that  the  stems  will  project  far- 
ther down  and  bear  against  the  valve  plunger  before  the  valve 
head  seats  in  the  valve  chamber.  After  valves  are  ground  it  is 
good  practice  to  go  over  the  engine  timing  carefully  and  verify 
it.  The  flywheel  of  most  truck  engines  of  the  multiple  cylinder 
form  is  usually  marked  with  letters  which  indicate  the  points 
where  the  valves  open  and  close.  The  crankshaft  should  be 
turned  by  the  starting  crank,  and  when  the  point  is  in  line  with 
the  trammel  or  indicator  that  usually  indicates  the  vertical  cen- 
ter line  of  the  engine  there  should  be  no  clearance  between  the 
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valve  stem  and  the  plunger  that  operates  it.  The  method  of 
adjusting  the  clearance  on  most  truck  engines  is  shown  at  Fig. 
423,  B,  while  typical  markings  are  shown  on  the  flywheel  at 
Fig.  423,  C,  or  Fig.  426,  both  of  which  are  used  on  I.  H.  C.  truck 
engines. 

When  the  other  valve  is  open  in  the  same  cylinder,  then  there 
should  be  an  appreciable  clearance  between  the  valve  plunger 


Fig.  426.— How  Flywheel  of  I.  H.  C.  Truck  Engine  is  Marked  to  Facili- 
tate Valve  Timing. 

and  end  of  valve  stem.  This  is  given  as  0.007-inch  for  the  inlet 
valves  and  0.01 -inch  for  the  exhaust  valves.  More  clearance  is 
provided  between  the  exhaust  valve  stems  and  plungers  on  ac- 
count of  the  greater  expansion  of  these  members  due  to  heat. 
If  the  engine  timing  has  been  disturbed,  as  is  often  the  case 
when  an  engine  is  dismantled,  care  should  be  taken  to  replace 
the  timing  gears  just  as  they  were  before  the  engine  was  taken 
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apart.  This  is  usually  indicated  by  marks  made  by  the  manu- 
facturer of  the  motor,  as  is  clearly  shown  at  Fig.  427.  If  no 
marks  are  noticed,  then  the  repairman  should  be  careful  to  make 
some  for  himself  in  order  that  he  will  be  sure  to  replace  the 
timing"  gears  correctly.  The  best  way  to  do  this  is  to  bring  one 
of  the  pistons,  preferably  that  in  the  front  cylinder,  to  the  top 
center  and  to  see  that  both  valves  in  that  cylinder  are  closed. 
One  tooth  on  the  crankshaft  gear  is  then  marked  with  a  center 
punch  or  steel  letter  stamp,  or  even  with  a  cold  chisel,  if  neither 
of  the  others  is  available.  The  teeth  on  the  larger  gear  which 
drives  the  camshaft  gear  are  then  marked  for  future  identification 
in  the  same  manner. 

In  case  the  engine  timing  is  lost  and  the  gears  or  flywheel  are 
not  marked,  approximate  the  proper  timing  as  follows:  The  pis- 
ton in  either  the  front  or  rear  cylinder  is  brought  to  the  end  of 
its  upward  stroke  and  the  camshaft  is  rocked  in  such  a  manner 
that  both  valves  are  closed.  The  timing  gears  are  then  meshed 
and  locked  into  place.  The  engine  crankshaft  is  then  turned 
about  half  a  revolution  and  the  exhaust  valve  is  watched  to  see 
if  it  rises  from  its  seat.  If  it  rises  from  its  seat  when  the  piston 
is  about  three-quarters  to  seven-eighths  of  the  way  down  on  its 
stroke  the  engine  may  be  considered  timed  approximately  cor- 
rect and  if  nothing  else  has  been  disturbed,  such  as  the  cams  on 
the  shaft,  etc.,  the  rest  of  the  cylinders  will  undoubtedly  be  timed 
correctly  enough  so  the  engine  will  start  without  difficulty.  If 
the  exhaust  valve  opens  late,  the  timing  gear  may  be  moved  a 
few  teeth  and  again  meshed  with  the  gear  on  the  crankshaft. 
The  crankshaft  is  rotated  again  and  the  opening  of  the  exhaust 
valve  again  noted.  The  closing  point  is  next  determined  by 
continuing  to  turn  the  crankshaft.  The  exhaust  valve  remains 
i. pen  during  the  next  upstroke  of  the  piston  and  does  not  close 
till  after  the  piston  starts  on  the  intake  stroke.  Right  after  the 
exhaust  valve  closes,  the  intake  valve  should  open  and  remain 
open  during  the  next  down  stroke  of  the  piston,  at  which  time 
the  cylinder  should  fill  with  gas.  In  some  engines  the  inlet  starts 
to  open  before  the  exhaust  is  fully  closed. 

To  facilitate  timing,  it  may  be  well  to  mark  the  flywheel  at 
points  to  correspond  to  the  position  of  the  piston  in  the  first 
cylinder  when  it  is  at  the  top  of  its  stroke  and  similarly  when 
it  is  at  the  bottom  of  the  cylinder.  These  marks  may  be  made 
with  a  center  punch  or  steel  stamp  and  should  conic  directly 
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opposite  each  other.  They  are  of  greatest  value  on  engines  with 
enclosed  crankcase,  as  when  the  crankshaft  may  be  exposed  by 
removing  side  plates,  it  is  easy  to  follow  piston  movements  by 
the  position  of  the  crankpin  and  connecting  rod.  The  exhaust 
valve  generally  opens  about  30  degrees  crankpin  travel  ahead 
of  the  mark  corresponding  to  the  bottom  position  of  the  piston 
on  the  down  stroke  following  ignition.  The  valve  remains  open 
the  remainder  of  that  stroke  and  the  entire  next  stroke,  closing 
a  few  degrees  after  the  piston  has  started  on  the  suction  stroke. 
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DIAGRAM  SHOWING  PISTON  AT  VARIOUS  POINTS  FOR  VALVE  EVF.VTS 

Fig.  428.— How  Valves  of  Dodge  Bros.  Motor  are  Timed. 

The  inlet  valve  opens  about  15  degrees  late  and  closed  about 
10  degrees  late.  The  exhaust  valve  thus  remains  open  a  period 
equal  to  about  220  degrees  crankshaft  travel,  the  inlet  valve  sel- 
dom remaining  open  more  than  180  degrees.  The  ignition  spark, 
with  timing  lever  at  center  position  on  quadrant,  should  take 
place  just  when  the  piston  reaches  the  end  of  the  compression 
stroke. 

Timing  Gears. — AH  gears  are  encased  in  an  oil-tight  compart- 
ment at  the  end  of  the  crankcase.  The  removal  of  cover  exposes 
all  gears.  The  gears  are  lubricated  by  a  constant  supply  of  oil 
from  pump.  If  any  of  the  timing  gears  are  removed,  that  is, 
the  camshaft  gear,  the  crankshaft  gear,  the  idler  gear,  or  the 
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pump-drive  gear,  it  will  be  necessary,  when  reassembling  them, 
to  be  sure  that  the  teeth  are  properly  meshed  in  the  same  man- 
ner as  before  disassembling.  If  by  chance  the  gears  are  removed 
without  first  ascertaining  if  they  are  properly  marked,  it  will  be 
necessary  to  retime. 

If  it  is  necessary  to  remove  any  of  the  timing  gears  and  they 
are  not  punch  marked,  this  should  be  done  before  removing  to 
insure  their  replacement  in  identically  the  same  position.  The 


best  method  to  follow  is  to  put  one  punch  mark  on  the  crank- 
shaft gear  and  one  mark  on  the  camshaft  gear;  two  punch  marks 
on  the  idler  gear  and  the  same  on  the  corresponding  bottom  of 
the  crankshaft  gear;  three  punch  marks  on  the  pumpshaft  gear 
and  the  same  number  on  the  corresponding  bottom  of  the  idler 
gear.  Then,  in  replacing,  these  marks  should  all  coincide  to 
obviate  the  necessity  of  retiming  from  the  marks  on  the  flywheel. 
The  markings  of  the  timing  gears  on  the  Garford  engines  are 
shown  at  Fig.  427.  That  at  A  applies  to  Models  75C,  66B  and 
70B.  The  timing  gear  train  at  B  is  employed  on  Models  68 
and  69.  The  gears  at  C  are  used  on  the  motor  of  the  Model  77B. 

Timing  By  Piston  Movement. — In  the  Dodge  and  Ford,  or 
other  removable  head  motors,  the  valves  may  be  timed  by  fol- 
lowing the  piston  movement  with  the  cylinder  head  removed 
and  measuring  the  distances  as  shown  at  Fig.  428,  which  outline 
completely  the  various  dimensions  used  in  timing  the  Dodge 
motor. 

When  the  cylinder  head  and  the  cylinder  head  gasket  are  off 
and  the  valves  are  being  ground  at  the  monthly  periodical  in- 
spection, the  top  of  the  piston  should  project  0.0312  (%o)  inc^ 
above  the  top  face  of  the  cylinder  block.    This  particular  piston 


RemoTing  and  replacing  piston  rings. 


Fig.  429.— Removing  and  Replacing  Piston  Rings  with  Steel  Strips  to 

Bridge  the  Grooves. 
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would  then  be  at  its  top  dead  center.  Rotate  the  crankshaft, 
with  a  hand  crank,  in  its  normal  direction  or  rotation  until  the 
piston  head  is  flush  with  the  top  of  the  cylinder  block.  This 
may  be  ascertained  by  laying  a  steel  scale  or  straight-edge  across 
the  two.  At  this  point  the  exhaust  valve  should  just  have  closed. 
Rotate  the  crankshaft  in  the  same  direction  until  the  piston  head 
is  0.015  (%4)  inch  below  this  position,  and  the  intake  valve 
should  just  start  to  open.  Rotate  the  crankshaft  now  until  the 
piston  goes  to  the  bottom  of  its  stroke  and  then  starts  up  again. 
The  stroke  is  4.5  (4V2)  inches.  When  the  piston  has  risen  0.343 
(1^o)  inch  above  the  bottom  center,  the  intake  valve  should 
just  have  closed.  Measuring  down  from  the  top  face  of  the 
cylinder  block  to  the  top  of  the  cylinder  head,  the  distance  should 
be  4.125  (4%)  inch  when  the  intake  valve  has  just  closed.  Con- 
tinue rotating  the  crankshaft  until  the  piston  rises  to  the  top 
of  the  stroke  and  again  descends  in  order  to  determine  the  open- 
ing of  the  exhaust  valve  for  that  particular  cylinder.  The  ex- 
haust valve  should  just  start  to  open  when  the  piston  has 
descended  3.906  (32%2)- inches,  which  is  also  0.562  inch 
above  the  bottom  dead  center  position  of  the  piston.  This  method 
of  timing  can  be  used  with  any  detachable  head  motor,  though 
the  dimensions  will  vary  with  each  make  and  should  be  secured 
from  the  truck  maker  or  service  station  to  be  sure  they  are 
correct. 

Replacing  Gasket. — Before  putting  on  new  gaskets,  the  sur- 
faces for  the  joint  must  be  thoroughly  cleaned.  When  tighten- 
ing up  a  joint  after  a  new  gasket  has  been  inserted,  screw  up 
all  nuts  fairly  snug,  then  tighten  uniformly,  giving  each  nut  a 
small  part  of  a  turn  at  a  time.  Continue  this  until  all  nuts  are 
tight.  Do  not  screw  one  nut  down  perfectly  tight,  and  then  go 
to  the  next,  as  you  will  not  secure  an  even  pressure  on  the  gas- 
ket in  this  manner.  After  motor  has  been  running  a  few  min-  ' 
utes.  tighten  the  nuts  again.  This  operation  may  be  greatly 
facilitated  if  a  special  socket  wrench  is  employed,  as  shown  at 
Fig.  424,  A,  which  gives  ample  leverage  to  insure  that  nuts  will 
be  tightly  drawn  down.  Care  should  be  taken  not  to  exert  too 
much  pressure,  which  might  twist  the  studs  off  in  the  cylinder 
block. 

Care  of  Piston  and  Rings. — Very  often  poor  compression  is 
caused  by  a  defective  condition  of  the  piston  or  piston  rings. 
If  lubrication  has  been  neglected  and  the  cylinder  has  seized  at 
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any  time,  both  the  piston  and  cylinder  walls  will  be  found 
scratched  and  scored.  Even  if  lubrication  has  not  been  neglected, 
but  poor  oil  or  an  insufficient  quantity  has  been  used,  the  same 
scratches  will  be  apparent  though  not  to  so  large  a  degree.  The 
piston  rings  may  break,  which  will  allow  the  gas  to  escape 
through  the  division  between  the  broken  parts.  They  may  be- 
come gummed  in  their  grooves  so  they  do  not  spring  out  as  they 
should  and  gas  can  blow  by  them.  In  cases  where  the  piston 
rings  are  not  pinned  the  slots  in  the  rings  may  work  in  line  and 


Fig.  430. — Connecting  Rod  of  Typical  Power  Plant  Showing  Removable 

Crankpin  Brasses. 

permit  gas  to  escape  through  the  series  of  openings.  Piston 
rings  often  lose  their  elasticity  or  spring,  or  they  may  wear  to 
such  an  extent  that  they  will  not  form  an  effective  seal  against 
the  explosive  pressure.  In  the  event  of  deterioration,  the  only 
method  is  to  replace  the  rings  with  new  members.  If  the  piston 
rings  do  not  work  freely  in  the  grooves,  they  should  be  removed 
from  the  piston  and  all  burnt  oil  cleaned  off.  The  carbon  de- 
posits which  have  collected  in  the  grooves  should  also  be  re- 
moved before  the  rings  are  replaced. 

When  replacing  the  rings,  put  the  center  ones  in  first,  using 
the  metal  strips  as  outlined  at  Fig.  429,  A,  so  as  to  slide  the 
ring  over  the  groove.  After  the  rings  are  in  position,  wash  pis- 
ton in  gasoline  to  remove  all  dirt  and  grit.  Then  oil  the  piston 
and  rings  thoroughly  and  place  the  piston  in  the  cylinder.  Be 
sure  that  the  rings  are  down  in  their  grooves,  then  push  piston 
into  cylinder.  See  that  oil  hole  in  crankpin  is  open ;  this  takes 
care  of  connecting  rod  bearings  at  this  point,  and  it  is  essential 
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that  there  be  no  obstruction  to  the  free  passage  of  oil.  Now  oil 
the  crankpin,  connect  up,  be  sure  that  all  liners  are  replaced, 
draw  nuts  tight,  replace  cotter  pins  and  spread  them  at  the  ends. 

The  wristpin  is  secured  by  a  dowel-pointed  screw,  the  end  of 
which  projects  through  into  the  central  hole  and  is  drilled  to 
receive  a  wire.  As  an  additional  safeguard  against  unscrewing, 
lock  washers  are  used  under  the  screw  heads.  In  case  it  should 
ever  be  necessary  to  remove  the  wristpin,  care  must  be  taken 
in  replacing  it  to  see  that  the  screws  are  set  up  tightly  on  the 
lock  washers  and  the  wire  passed  through  the  ends  and  care- 
fully bent  over  to  insure  against  coming  out.  Whenever  the 
piston  is  accessible  for  examination  these  screws  should  be  thor- 
oughly examined  and  the  engine  should  not  be  run  unless  they 
are  tight  and  the  locking  devices  secure. 

BEFORE  REPLACING  CYLINDER  HEAD,  BE  SURE 
THAT  THE  COPPER  ASBESTOS  GASKET  IS  PERFECT- 
LY CLEAN  AND  IN  GOOD  CONDITION. 

If  the  piston  and  cylinder  walls  are  badly  scored  the  only 
remedy  is  to  have  the  cylinder  bore  ground  out  to  a  new  surface 
and  use  a  new  piston  member  made  to  fit  the  enlarged  bore. 
This  will  mean  that  new  rings  must  be  fitted  as  we'll  as  a  new 
piston.  Many  believe  that  the  cheapest  way  in  the  end  is  to 
secure  an  entirely  new  piston  and  cylinder  from  the  makers  to 
replace  the  defective  members. 

Noisy  Operation. — A  number  of  power  plant  derangements 
are  readily  noted  because  they  give  positive  indication  of  trouble 
by  noises  easily  distinguishable  by  the  untrained  ear.  Knocking 
or  rattling  sounds  are  usually  the  result  of  wear  in  the  connect- 
ing rods  or  main  bearings,  though  often  a  very  sharp  knock, 
such  as  might  be  attributed  to  a  loose  bearing,  is  due  to  carbon 
deposits  in  the  cylinder  or  combustion  chamber,  premature  ig- 
nition due  to  advance  spark  lever,  or  a  loose  flywheel.  Dry 
bearings  are  invariably  indicated  by  squeaking  sounds,  and 
whenever  this  signal  of  distress  is  heard  the  engine  should  be 
stopped  immediately  and  oil  applied  to  the  parts  which  have 
indicated  their  dry  condition. 

Leaks  produce  whistling  or  blowing  sounds ;  a  sharp,  definite 
pitched  whistle  denotes  the  escape  of  gas  under  pressure  and  is 
usually  produced  by  a  defective  packing  or  gasket  that  is  used 
between  the  cylinder  and  cylinder  head  or  as  a  joint  for  the  ex- 
haust manifold.    A  blowing  sound  is  caused  by  leaky  packing  in 

s 

Digitized  by  Google 


712 


The  Motor  Truck 


the  crankcase,  worn  main  bearings  or  wearing  the  valve  plunger 
guides.  Grinding  noises  in  the  motor  are  usually  caused  by  the 
timing  gears  and  will  be  heard  if  these  gears  are  dry  or  if  they 


.  r      1  w 




Fig.  430A. — Typical  Connecting  Rod  Assembly,  Showing  Clamp  Type 

Wristpin  End. 

have  become  worn.  Minor  rattles  often  indicate  nothing  more 
serious  than  too  great  clearance  between  valve  stem  and  their 
operating  plungers,  or  wear  in  the  valve  plunger  guides.  Any 
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loose  driving  connection  anywhere  on  the  engine  will  contribute 
its  quota -of  noise  and  often  a  combination  of  sounds  are  pro- 
duced that  will  be  very  annoying  even  if  they  do  not  indicate 
serious  wear. 

Adjusting  Bearings. — The  most  fertile  source  of  noisy  opera- 
tion is  wear  in  the  main  bearings  of  the  engine  or  looseness  in 
the  connecting  rod  bearings.  The  points  where  deterioration 
produces  the  most  noise  are  clearly  indicated  at  Fig.  418,  which 
shows  the  sectional  view  of  a  four-cylinder  engine.  This  shows 
clearly  the  three  main  bearings  of  the  crankshaft ;  two  of  these 
members,  that  on  the  rear  and  the  one  next  to  it,  are  cross 
hatched  in  order  to  show  the  shaft  journals.  Under  the  influ- 
ence of  the  explosions  the  bearings  in  time  tend  to  become  ham- 
mered down  a  trifle  and  lost  motion  exists  between  the  crank- 
shaft and  the  bearing  bushes. 

If  the  wear  is  comparatively  slight  it  may  be  eliminated  by 
removing  some  of  the  thin  shims  of  sheet  metal  placed  between 
the  bearing  caps  and  the  lower  portion  of  the  box  and  replacing 
the  caps.  A  typical  connecting  rod  assembly  is  shown  at  Fig. 
430.  This  will  enable  them  to  bed  down  close  to  the  crank- 
shaft and  the  lost  motion  which  produces  the  noise  will  not 
exist.  If  the  bearings  have  worn  to  such  an  extent  that  remov- 
ing the  shims  will  not  be  sufficient,  new  brasses  or  bushings 
must  be  inserted  in  the  boxes  and  scraped  to  fit  the  crankshaft. 
If  the  crankshaft  is  cut  or  scored  the  journals  should  be  smoothed 
with  fine  emery  cloth  before  attempt  is  made  to  fit  the  bearings 
to  the  shaft. 

A  conventional  connecting  rod  in  a  disassembled  condition  is 
shown  at  Fig.  430,  with  the  various  parts  separated  in  order 
that  the  construction  may  be  clearly  ascertained.  It  will  be 
noticed  that  the  small  bushing  which  surrounds  the  wristpin  is 
a  solid  member  pressed  into  the  boss  at  the  upper  end  of  the 
connecting  rod.  If  any  wear  exists  at  this  point  the  old  bushing 
should  be  forced  out  and  replaced  by  a  new  member.  The  lower 
portion  of  the  connecting  rod  which  encircles  the  crankpin  is 
provided  with  a  split  box  composed  of  two  white  metal  bush- 
ings that  bed  into  the  connecting  rod  and  the  connecting  rod 
cap,  respectively.  The  two  halves  of  the  connecting  rod  lower 
end  are  usually  separated  by  thin  shims  or  liners,  such  as  is  used 
in  main  bearings,  and  if  the  connecting  rod  is  not  very  loose 
lost  motion  may  be  eliminated  by  removing  enough  of  thin  shims 
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and  then  joining  the  parts  together  securely.  If  the  connecting 
rod  big  end  brasses  are  worn  too  much  to  permit  refitting,  they 
can  be  easily  replaced  by  new  members  secured  from  the  maker. 

The  average  motor  truck  operator  is  not  apt  to  be  a  good 
enough  mechanic  to  scrape  in  and  refit  a  set  of  main  bearings, 
but  this  process  is  not  a  difficult  one  to  learn,  the  only  require- 
ments being  that  the  workman  shall  be  reasonably  careful,  have 


Fig.  431. — Showing  Method  of  Testing  Main  Bearings  when  Refitting 

by  Rocking  the  Crank  Shaft  by  Hand. 


the  proper  tools  and  be  patient  enough  to  fit  the  bearings  prop- 
erly. The  only  special  tools  called  for  are  a  socket  wrench  to  fit 
the  bearing  cap  bolts  and  a  set  of  scrapers,  and  will  considerably 
facilitate  refitting  of  bearings. 

Scraping  Bearings. — A  set  of  three  scrapers  will  prove  ade- 
quate for  all  sizes  of  bushings,  while  the  socket  wrench  will 
make  the  constant  removal  and  replacement  of  the  bearing  cap 
nuts  a  less  difficult  task  than  if  the  ordinarv  form  of  monkev 

*  - 

wrench  or  spanner  is  used. 

When  refitting  the  main  bearings,  the  first  precaution  should 
be  to  clean  the  crankshaft  thoroughly.  Only  attempt  to  fit  one 
box  at  a  time;  if  more  than  one  bearing  cap  is  tightened  it 
will  be  hard  to  tell  which  one  is  too  tight.  After  the  shaft  and 
boxes  have  been  cleaned,  the  main  journals  of  the  crankshaft 
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should  be  coated  with  a  very  light,  thin  film  of  Prussian  blue 
pigment,  which  may  be  obtained  in  a  collapsible  tube  at  any 
paint  store.  The  crankshaft  is  then  dropped  in  the  boxes  which 
are  held  by  the  engine  base  and  revolved  a  number  of  times,  as 
shown  at  Fig.  431,  in  order  that  all  the  high  spots  on  the  boxes 
will  have  a  chance  to  run  against  the  shaft.  When  the  shaft  is 
removed  the  high  spots  will  be  indicated  by  specks  of  blue  on 
the  brasses. 

Before  again  replacing  the  crankshaft  these  high  spots  are 
scraped  off  by  means  of  curved  bearing  scrapers,  as  outlined  at 


Fig.  432. — Showing  Method  of  Scraping  in  Main  Bearings  to  Fit 

Crankshaft  Journals. 


Kig.  432.  The  shaft  is  again  replaced  and  revolved  so  that  it 
will  indicate  another  set  of  high  places.  The  scraping-in  process 
is  continued  and  the  bearing  points  are  evenly  distributed  at  each 
l>ox.  The  caps  are  the  next  to  receive  attention.  The  shaft  is 
allowed  to  remain  in  place  and  one  cap  is  fitted  at  a  time.  The 
crankshaft  journals  are  kept  covered  with  Prussian  blue,  a  new 
film  being  put  on  with  the  finger  each  time  a  test  for  high  places 
is  to  be  made.  The  fitting  is  started  with  either  the  front  or 
rear  main  bearing  cap,  which  is  brought  against  the  shaft  by 
means  of  the  retaining  nuts,  until  it  is  difficult  to  turn  the  shaft. 
The  nuts  are  slacked  up  a  trifle  and  the  crankshaft  turned.  Part 
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of  the  Prussian  blue  will  be  scraped  off  by  the  high  points  in  the 
bearing  caps  and  these  are  removed  by  the  scraper  and  the  fitting 
process  continued  until  the  bearing  cap  shows  an  equal  bearing 
by  a  reasonably  uniform  distribution  of  color  to  all  points. 

The  cap  is  properly  fitted  when  the  crankshaft  does  not  turn 
unduly  hard  with  the  bearing  cap  retaining  nuts  bedded  down 
firmly  and  the  cap  in  firm  contact  with  the  engine  base  or  the 
interposed  shims  of  metal.  Each  cap  is  fitted  in  turn,  and  if 
the  work  is  carefully  done  it  will  be  found  possible  to  turn  the 


Fig.  433.— Connecting  Rod  Bearings  May  be  Easily  Fitted  to  the  Crank- 
shaft if  This  Member  is  Removed  from  the  Engine  and  Supported 
by  Bench  Vise. 


crankshaft  over  without  much  difficulty,  when  all  the  caps  have 
been  properly  replaced,  and  no  lost  motion  will  exist  between  the 
caps  and  crankshaft. 

The  same  instructions  apply  to  fitting  connecting  rods,  the 
test  for  high  spots  being  made  by  the  use  of  Prussian  blue  pig- 
ment, and  the  trial  to  ascertain  if  the  bearing  clamps  the  shaft 
too  tightly  is  made  by  rocking  the  connecting  rods  back  and 
forth.  The  degree  of  resistance  indicates  the  fit  of  the  bearing. 
A  connecting  rod  is  usually  considered  properly  fitted  if  it  is 
not  loose  and  yet  will  drop  over  slowly  due  to  the  piston  weight 
when  placed  in  a  vertical  position.  Care  should  be  taken  not  to 
adjust  bearings  too  tightly,  as  this  may  produce  sufficient  heat- 
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ing  to  burn  out  the  white  metal  bushings  or  score  the  crankshaft 
journals  badly  when  harder  materials,  such  as  bronze,  are  used. 
Before  replacing  either  connecting  rod  or  main  bearing  caps  for 
the  last  time,  it  will  be  well  to  use  liberal  quantities  of  cylinder 
oil  to  insure  that  they  will  be  properly  lubricated  when  the  power 
plant  is  first  started  after  the  refitting  process  is  complete.  The 
fitting  is  very  easily  done  if  the  crankshaft  is  removed  from  the 
motor  and  held  on  a  bench,  as  shown  at  Fig.  433. 

Mixture  Troubles. — Defective  carburetion  is  usually  indicated 
by  misfiring  or  irregular  operation.  The  common  derangements 
of  the  components  of  the  fuel  system  and  the  best  method  for 
their  location  follow:  The  first  thing  to  do  is  to  see  if  the  fuel 
is  flowing  to  the  carburetor  from  the  tank.  This  is  done  by 
disconnecting  the  feed  pipe  and  seeing  if  the  stream  coming  out 
is  the  full  size  of  the  orifice.  If  it  trickles  out  slowly,  it  is  an 
indication  that  either  the  pipe  is  clogged  with  dirt  or  that  there 
is  an  accumulation  of  scale,  rust  or  lint  at  the  strainer  screen 
usually  placed  in  the  tank  over  the  gasoline  discharge  coupling. 
This  may  also  indicate  that  there  is  not  enough  liquid  in  the 
tank.  Insufficient  fuel  supply  is  sometimes  due  to  the  shut-off 
valve  between  the  tank  and  the  carburetor  having  jarred  either 
partly  or  wholly  closed  because  of  vibration.  If  the  stream  of 
fuel  from  the  tank  indicates  that  it  is  reaching  the  carburetor 
all  right,  that  device  should  be  examined  to  see  if  there  is  any 
dirt  or  water  in  the  float  chamber.  The  float  chamber  of  most 
carburetors  may  be  drained  by  a  petcock  provided  for  the  pur- 
pose. Dirt  may  constrict  the  passage  between  the  flow  chamber 
and  the  spray  nozzle  and  very  often  the  fine  holes  or  spray 
openings  in  the  latter  may  become  blocked  up  by  particles  of 
foreign  matter.  The  float  may  be  binding  and  the  gasoline  needle 
valve  regulating  the  supply  opening  in  the  bowl  may  stick  to 
its  seat.  Any  of  these  conditions  would  reduce  the  supply  of 
fuel  and  the  engine  would  not  receive  sufficient  quantities  of 
properly  proportioned  gas. 

Some  of  the  conditions  that  will  produce  poor  mixture  are: 
The  air  valve  spring  may  be  weak  or  broken,  the  gasoline  or 
fuel  adjusting  needle  may  be  loose  and  jar  out  of  adjustment, 
the  air  valve  spring  adjusting  nuts  may  be  a  poor  fit  on  the 
valve  stem  and  adjustments  will  not  be  retained,  air  may  leak 
in  through  leaky  joints  of  the  inlet  manifold  or  through  holes 
of  a  porous  casting;  or  the  valve  stem  may  have  worn  enough 
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in  the  guides  so  air  is  drawn  into  the  mixture  through  the  worn 
inlet  valve  stem  guide  bushings.  Any  foreign  matter  in  the 
fuel  will  cause  irregular  operation,  because  the  standpipe  bore 
may  be  partially  constricted  and  not  allow  enough  fuel  to  reach 
the  mixture. 

If  clouds  of  black  smoke  are  expelled  from  the  exhaust  pipe, 
it  indicates  that  the  fuel  supplied  the  mixture  is  excessive  and 
the  supply  should  be  reduced  by  screwing  down  on  the  needle 
valve  in  carburetors  where  this  method  of  regulation  is  provided. 

If  no  needle  valve  is  used,  the  fuel  proportions  may  be  reduced 
by  altering  the  fuel  level  in  the  float  bowl.  A  pronounced 
"popping"  in  the  carburetor  means  that  the  mixture  contains 
too  much  air.  If  this  is  not  due  to  air  leaking  in  through  worn 
valve  guides  or  leaky  manifolds,  it  may  be  overcome  by  screwing 
in  the  auxiliary  air  valve  adjustment  so  the  valve  does  not  open 
so  much,  or  by  slightly  increasing  the  fuel  supply  by  opening 
up  the  regulating  needle.  The  exhaust  gas  will  be  free  from 
any  objectionable  odor  and  will  be  clean  if  fuel  is  not  burned 
in  excess.  The  character  of  the  mixture  may  be  judged  by  the 
color  of  the  flame  issuing  from  the  exhaust  pipe  if  the  engine  is 
run  with  an  open  throttle  after  dark.  A  red  flame  indicates  too 
much  gasoline,  and  a  yellowish  one  shows  an  excess  of  air. 
A  pronounced  blue  flame  such  as  given  by  a  gas  stove  or  gaso- 
line stove  burner  will  indicate  the  properly-proportioned  mixture. 

Ignition  System  Derangements.— When  a  battery  ignition  sys- 
tem is  provided  and  the  engine  does  not  run  regularly,  the  first 
thing  to  look  for  is  to  see  if  there  is  a  spark  at  the  spark  plugs. 
These  members  are  removed  from  the  cylinders  and  are  then 
again  coupled  up  to  the  secondary  wire.  They  are  laid  on  the 
cylinder  castings  in  such  a  way  that  the  bushing  intended  to 
be  screwed  into  the  cylinder  is  in  good  metallic  contact,  but  the 
insulated  terminal  at  the  upper  end  out  of  coatact.  The  engine 
is  then  turned  over  slowly  by  hand  and  the  spark  watched  to 
see  if  there  is  any  spark  between  the  points.  If  there  is  no 
indication  of  current  flow,  the  following  may  be  looked  for:  A 
broken  wire  anywhere  in  the  primary  circuit,  a  defective  ground 
connection,  loose  battery  terminals,  broken  battery  connections, 
lack  of  current  at  the  battery. 

Spark  plugs  may  be  rendered  inoperative  by  cracked  insula- 
tion or  by  deposits  of  carbon  around  the  electrode.  Secondary 
wires  sometimes  break  or  may  become  oil-soaked  or  have  the 
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insulation  worn  away,  either  of  which  permits  the  current  to 
become  grounded  to  some  metal  part  of  the  motor.  The  elec- 
trodes of  a  spark  plug  may  have  burned  away  enough  so  the 
gap  is  too  great  or  the  points  may  be  too  close  together.  If 
there  is  no  current  at  the  spark  coil  the  trouble  may  be  due 
to  broken  timer  wires,  burned  or  pitted  igniter  contact  points, 
vibrator  out  of  adjustment,  or  poor  connections  at  the  commu- 
tator or  timer. 

If  a  magneto  is  fitted  as  an  auxiliary  supply  of  current,  about 
the  only  thing  that  will  cause  failure  of  current  generation  out- 
side of  slipping  or  broken  driving  connections  is  that  brush- 
holders  may  become  fouled  with  old  oil.  Either  of  these  condi- 
tions interferes  with  the  flow  of  the  current.  The  brushes  may 
become  worn  so  they  no  longer  bear  on  the  collector  ring  or 
distributor,  and  the  current  generated  by  the  armature  cannot 
be  collected  and  sent  to  the  outer  circuit.  Obviously,  any  de- 
rangement of  the  driving  connections  will  interfere  with  current 
generation,  because  the  armature  will  not  be  turned  sufficiently 
regular  or  at  the  proper  speed. 

If  a  high  tension  magneto  is  fitted  and  no  spark  is  produced 
at  the  plugs,  the  following  defective  conditions  should  be  looked 
for:  Broken  secondary  wires,  current  collecting  brushes  or  dis- 
tributor brush  not  making  contact,  contact  points  of  the  make- 
and-break  device  may  be  out  of  adjustment  or  covered  with  oil ; 
the  wiring  may  be  attached  to  wrong  terminals ;  the  distributor 
filled  with  metallic  particles,  carbon  dust  or  oil  accumulations ; 
the  distributor  contacts  may  not  be  making  proper  connections 
because  of  wear  or  a  defective  distributing  brush,  or  more  serious 
derangements  may  exist,  such  as  defective  windings  or  con- 
denser, which  fortunately  are  of  extremely  rare  occurrence. 

Cooling  and  Lubrication  Group  Faults. — Owing  to  the  sim- 
plicity of  the  cooling  systems  ordinarily  used,  they  are  not 
liable  to  give  trouble  if  the  radiator  or  tank  is  kept  full  of  clean 
water  and  the  circulation  is  not  impeded.  The  most  common 
trembles  producing  defective  cooling  are  due  to  impeded  water 
circulation.  A  radiator  may  become  clogged  with  rust  or  sedi- 
ment and  the  piping  or  water  jackets  sometimes  becomes  filled 
with  scale  that  tends  to  retard  the  flow  of  water.  If  the  water 
pump  or  its  driving  means  fail,  circulation  will  not  be  positive 
and  overheating  will  result,  as  is  also  evident  if  the  cooling  fan 
belt  breaks  or  slips.    When  rubber  hose  is  used  in  the  circula- 
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tion  system,  this  may  deteriorate  inside  and  the  area  of  the 
inside  passages  become  reduced  due  to  particles  of  rubber  hang- 
ing down.  The  cooling  system  is  often  apt  to  overheat  after 
anti-freezing  solutions,  of  which  calcium  chloride  forms  a  part, 
have  been  used,  as  crystals  of  the  salt  may  collect  in  the  radiator 
piping  or  water  jackets.  These  crystals  can  only  be  dissolved 
by  chemical  means  when  in  inaccessible  places,  but  where  the 
construction  permits  they  may  be  removed  by  scraping.  Over- 
heating is  sometimes  caused  by  rich  mixture  and  sometimes  by 
defective  lubrication. 

When  the  oiling  group  is  not  working  properly  the  friction 
between  the  parts  of  the  mechanism  usually  produces  heat.  Poor 
lubrication  usually  results  from :  Not  enough  oil  in  the  engine 
crankcase  or  mechanical  oiler,  oil  of  poor  quality,  broken  or 
clogged  oil  pipes,  broken  oil  pump  or  defective  oil  pump  drive. 
The  oil  supply  may  be  reduced  by  defective  inlet  or  discharge 
check  valves  at  a  mechanical  oiler  or  by  worn  pump-plungers  in 
that  device.  A  clogged  oil  passage  or  pipe  leading  to  an  im- 
portant bearing  point  will  result  in  loss  of  power  and  over- 
heating because  the  oil  cannot  get  between  the  working  surfaces. 
Much  of  the  trouble  caused  by  defective  oiling  may  be  prevented 
by  using  only  the  best  grades  of  lubricating  oil,  and  lubricants 
of  poor  quality  will  cause  friction  and  overheating,  even  if  all 
parts  of  the  oil  system  are  working  properly.  If  a  mechanical 
oiler  becomes  inoperative  or  if  its  driving  means  fail  while  the 
truck  is  on  the  road,  the  engine  may  be  kept  in  operation  by 
putting  enough  oil  in  the  crankcase  so  the  connecting  rods  will 
dip  into  it  as  the  crankshaft  revolves.  In  most  modern  engines 
this  will  result  in  overoiling,  but  this  is  manifestly  better  than 
the  other  extreme,  and  the  truck  can  be  brought  home  under 
its  own  power. 

Clutch  Repairs. — After  the  engine  has  been  overhauled,  the 
clutch  and  transmission  can  be  examined.  The  clutch  casing 
of  some  heavy  type  trucks  is  attached  to  the  engine  crankcase; 
in  others  the  clutches  are  not  encased.  By  removing  the  cover 
plate  of  the  clutch  compartment  that  member  may  be  exam- 
ined if  enclosed.  If  a  dry  disc  type,  as  shown  at  Fig.  434,  C,  and 
it  has  been  slipping,  only  adjusting  is  needed.  There  are  usually 
three  bolts  through  the  plates  of  the  clutch  and  the  clutch  itself. 
The  clutch  is  a  series  of  plates  alternately  steel,  and  that  metal 
covered  with  asbestos  on  both  sides,  riveted  firmly  in  place. 

s 
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These  discs  require  no  oil  or  attention  in  any  way  except  to 
avoid  slipping  the  clutch  as  much  as  possible.  A  slipping  clutch 
can  be  adjusted  by  the  three  adjusting  nuts  on  the  long  bolts 
that  regulate  the  spring  pressure  and  that  come  through  the 
face  of  the  clutch.  Turning  them  to  the  right  will  compress  the 
spring  and  turning  them  to  the  left  will  loosen  them.  This 
operation  is  clearly  shown  at  Fig.  434,  A.  Note  whether  the 
clutch  throwout  collar  or  bearing  is  worn.  Sometimes  through 
lack  of  lubrication  this  collar  will  wear  so  badly  that  the  clutch 
pedal  will  chatter  under  the  foot.    If  this  is  the  case,  a  new 


Pig.  434.— How  to  Adjust  Clutch  of  I.  H.  C.  Motor  Truck  Outlined  at 
A  and  B.   Sectional  View  Showing  Construction  Depicted  at  C. 
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guide  for  this  collar  can  be  put  in  without  taking  out  the  clutch 
in  some  designs,  in  others  the  clutch  must  be  dismantled.  See 
that  the  grease  cups  and  this  collar  have  plenty  of  grease. 

A  slipping  cone  clutch  will  need  refacing.  It  will  be  apparent 
that  as  the  clutch  facing  wears  and  the  cone  seats  itself  deeper 
into  the  female  chamber  that  the  spring  tension  may  be  reduced 
to  some  extent.  In  the  clutch  shown  the  spring  pressure  may  be 
increased  as  desired  by  pulling  out  the  split  pins  that  keep  the 
castellated  adjusting  nuts  from  turning  and  screwing  each  of 
these  members  in  the  same  amount,  endeavor  being  made  to 
have  the  tension  of  all  springs  as  nearly  equal  as  possible.  The 
clutch  springs  exert  their  pressure  against  the  clutch  cone  at 
one  end  and  the  reaction  is  taken  through  the  stud  to  a  spider 
member  between  the  clutch  cone  and  the  flywheel,  which  bears 
against  a  ball  thrust-bearing  carried  by  the  crankshaft  extension 
member. 

The  most  common  cause  of  faulty  cone  clutch  action  is  some 
defect  of  the  leather  facing,  as  this  may  be  packed  down  hard 
or  charred  b*y  heat  from  slipping,  or  it  may  have  been  used  so 
long  that  the  leather  has  lost  its  life  and  becomes  hard,  with  a 
glazed  surface  that  has  a  very  low  degree  of  frictional  adhesion. 
The  clutch  spring  may  have  become  weakened  or  broken :  this 
will  cause  the  clutch  to  slip,  even  if  the  leather  facing  is  in  good 
condition.  The  two  troubles  usually  met  with  are  harsh  action 
as  one  extreme  condition  and  power  loss  because  of  slipping  as 
the  other.  If  the  surface  of  the  leather  lining  becomes  hard  and 
does  not  have  enough  resiliency  to  yield  slightly  when  first 
brought  into  frictional  contact  with  a  flywheel  rim.  this  results 
in  harsh  engagement.  To  insure  gradual  clutch  application  the 
friction  lining  should  be  soft  and  elastic.  If  the  leather  has  not 
been  charred  or  is  not  worn  too  much,  it  may  often  be  softened 
by  rubbing  it  with  neat's-foot  oil  and  allowing  that  substance  to 
soak  into  the  pores  of  the  leather.  Kerosene  oil  is  often  enough 
to  keep  the  clutch  leather  soft  and  pliable,  and  it  has  an  added 
advantage  in  that  it  has  so  little  lubricating  value  that  the  clutch 
members  arc  not  likely  to  slip  because  of  reduced  friction.  Kero- 
sene, also,  has  a  quick  penetration  property  that  is  valuable,  and 
docs  not  collect  grit  or  gum.  Cylinder  or  machine  oil  should 
never  be  used  to  soften  a  clutch  leather. 

When  a  cone  clutch  slips  and  the  friction  facing  is  not  worn 
or  the  spring  tension  is  not  lessened,  the  trouble  is  usually  due 
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to  a  coating  of  lubricating  oil  on  the  frictional  material,  that 
reduces  the  friction  so  that  the  pressure  of  the  clutch  spring  is 
not  great  enough  to  keep  the  clutch  parts  tightly  pressed  to- 
gether in  positive  driving  engagement.  A  simple  remedy  for  this 
defective  condition  is  to  absorb  the  surplus  lubricant  by  rubbing 
a  small  quantity  of  Fuller's  earth  into  the  leather  surface.  When 
a  clutch  cone  is  assembled  it  is  not  easy  to  reach  the  friction 
lining.  The  first  step  is  to  disengage  or  release  the  clutch  and 
fasten  the  releasing  mechanism  in  such  a  way  that  the  clutch 
cone  will  stay  out  of  engagement  even  when  the  pressure  is 
released  on  the  pedal.  On  some  trucks  of  older  designs  the  clutch 
release  and  emergency  brake  applying  mechanism  are  inter- 
locked so  that  applying  the  hand  lever  will  release  the  clutch. 
The  clutch  may  be  held  out  of  engagement  in  this  case  by  latch- 
ing the  emergency  brake  lever.  The  Fuller's  earth  is  placed  on 
a  piece  of  paper  or  card  so  it  can  be  sprinkled  into  the  space 
left  hetween  the  male  and  female  members.  Powdered  borax 
is  often  recommended  for  the  same  purpose.  Rosin  is  sometimes 
advised,  but  this  material  should  not  be  placed  between  the 
clutch  members,  as  if  there  is  any  tendency  to  slipping  and  any 
generation  of  heat  it  may  be  melted  and  will  become  a  lubricant 
that  will  intensify  the  slipping  instead  of  acting  to  absorb  the 
oil.  as  the  Fuller's  earth  or  borax  will. 

Tf  slipping  is  caused  by  a  broken  clutch  spring,  which  is  a  very 
rare  occurrence,  or  by  weakening  of  the  clutch  spring,  which 
is  more  common,  the  method  of  repair  is  evident,  this  consisting 
of  substituting  springs  of  proper  strength  where  no  adjustment 
is  provided  or  by  increasing  the  degree  of  compression  of  the 
weak  spring  if  some  method  of  compensation  for  shortening  the 
spring  is  included  in  the  design.  Another  annoying  condition 
when  a  cone  or  three-plate  clutch  is  used  or  where  the  clutch- 
driven  members  are  of  large  diameter  and  have  considerable 
weight,  is  "spinning"  or  continual  rotation  of  the  male  clutch 
member  when  the  spring  pressure  is  released.  This  is  often  due 
to  inertia,  but  is  sometimes  caused  by  a  defect  in  the  clutch 
mechanism.  If  the  plain  bearing  on  which  the  cone  revolves 
when  disengaged  in  some  clutches  is  not  properly  lubricated, 
or  if  a  poor  grade  of  grease  is  used  for  this  purpose,  the  bearing 
may  stick  and  the  male  clutch  member  will  continue  to  rotate, 
even  when  the  spring  pressure  is  released.  The  ball  thrust 
bearing  employed  to  take  clutch  spring  reaction,  and  which  is 
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clearly  shown  in  the  various  sectional  views  previously  described, 
may  become  wedged  by  a  broken  ball  or  particles  of  foreign 
matter,  and  if  rotation  of  the  parts  relative  to  each  other  is 
prevented  the  rotation  of  the  crankshaft  will  be  imparted  to  the 
cone  member  through  the  clutch  spring,  which  must  turn  with 
the  crankshaft  instead  of  remaining  stationary,  as  would  be  the 
case  if  the  ball  thrust  bearing  were  functioning  as  it  should. 

A  seized  clutch  spindle  bearing  can  only  be  repaired  by  taking 
the  clutch  apart  and  dressing  down  the  scored  journal,  supplying 
a  new  bushing  and  removing  the  cause  of  the  seizure.  Sometimes 
when  the  clutch  cone  is  carried  on  plain  bearings,  wear  in  these 
members  will  permit  the  cone  to  sag  because  of  its  weight,  and 
even  though  the  spring  pressure  is  fully  released  the  lower  por- 
tion of  the  cone  will  come  in  contact  with  the  flywheel  and  the 
cone  will  be  kept  in  rotation.  Faulty  clutch  action  is  often  traced 
to  points  distinct  from  the  clutch  mechanism  itself.  This  applies 
to  all  types  of  clutches.  Many  cases  of  failure  of  clutch  to  re- 
lease have  been  found  due  to  imperfect  relation  of  interlocking 
levers  or  rods  or  depreciation  in  some  mechanical  parts.  If  the 
clutch  shifting  collar  is  worn  unduly  or  the  small  pins  in  the 
rod  yokes  connecting  the  clutch  pedal  with  the  release  mechanism 
have  worn,  the  pedal  may  be  fully  depressed  and  yet  the  pressure 
of  the  spring  keeping  the  parts  in  contact  may  not  be  reduced 
to  any  extent. 

Whenever  the  dry  plate  clutch  is  used,  one  set  of  the  series  of 
discs  is  faced  with  some  friction  material,  such  as  Raybestos, 
and,  of  course,  when  this  facing  wears,  it  must  be  replaced  with 
new,  just  the  same  as  advised  for  the  cone  clutch.  These  facings 
are  usually  of  "asbestos  fabric,  and  must  be  procured  woven  in  the 
special  ring  form  of  suitable  dimensions  for  that  specific  make 
of  clutch.  It  is  not  possible  for  the  repairman  or  motorist  to 
cut  his  own  plate  facing,  as  the  material  is  hard  to  handle  and 
there  would  be  much  waste  if  attempt  was  made  to  cut  in  seg- 
ments from  a  wide  strip  of  material. 

Multiple  disc  or  three-plate  clutches  are  subjected  to  practically 
the  same  main  troubles  as  found  in  the  cone  type,  i.e.,  they  will 
engage  harshly  or  fail  to  transmit  the  engine  power  in  a  positive 
manner.  If  a  multiple  disc  clutch  of  the  all-metal  plate  type 
does  not  release  properly,  it  is  because  the  surfaces  of  the 
plates  have  become  rough  and  tend  to  adhere  together.  The 
plates  should  be  smooth  and  free  from  any  rough  particles  or 
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score  marks,  as  these  will  always  produce  harsh  engagement. 
This  condition  also  results  if  there  is  insufficient  oil  or  unsuitable 
lubricant  in  these  types  where  the  discs  are  designed  to  run  in 
an  oil  bath.  "Spinning"  or  continuous  rotation  of  a  multiple  disc 
assembly  often  results  from  seizing  due  to  gummed  oil ;  the 
presence  of  carbon  or  burned  oil  between  the  plates,  and  in  some 
cases  by  a  lack  of  oil  between  the  members.  When  an  all-metal 
multiple  disc  clutch  slips,  this  generally  results  because  of  re- 
duced strength  in  the  clutch  springs,  distortion  of  the  plates,  or 
the  use  of  too  heavy  lubricating  oil.  To  secure  the  best  results 
from  a  multiple  disc  clutch  it  is  imperative  that  only  certain 
grades  of  oil  be  used.  If  one  uses  a  cheap  or  inferior  lubricant 
it  will  carbonize  because  of  the  heat  present  when  the  plates  slip, 
or  it  will  gum  up  owing  to  the  admixture  of  animal  fats  or  other 
adulterants. 

In  a  number  of  cases  faulty  multiple  disc  clutch  action  is  due 
to  "brooming,"  which  is  a  name  given  for  a  defective  condition 
that  exists  when  the  sides  of  the  keyway  have  become  indented 
and  prevent  free  movements  of  the  plates,  or  when  the  plate 
edges  become  burred  over  and  prevent  full  contact  of  the  plates. 
In  most  cases  the  adjustment  of  a  multiple  disc  clutch  is  easily 
accomplished  by  adjusting  nuts  that  may  be  easily  reached. 

Looking  Over  Gearbox. — In  examining  the  transmission,  look 
for  gears  that  are  burred.  This  is  a  result  when  one  tries  to 
shift  gears  when  the  clutch  is  creeping  or  has  not  come  to  a 
complete  stop.  If  the  gears  are  badly  burred  at  the  tooth  edges, 
it  would  be  wise  to  take  the  transmission  completely  out  of  the 
frame.  This  generally  may  be  done  easily  in  motor  trucks  as 
the  transmission  is  frequently  amidship.  Disconnect  the  rods 
leading  to  the  gear  shift  levers  and  then  disconnect  the  universal 
joints  ahead  and  back  of  the  transmission  case.  Loosen  the  bolts 
that  hold  it  to  the  frame  and  remove  the  transmission  from  the 
chassis.  The  cover  may  be  taken  off  by  removing  the  small 
holts  holding  it,  as  shown  at  Fig.  435,  A,  or  the  case  may  be 
separated  into  its  two  halves. 

To  remove  the  gears  and  shaft  from  the  case  first  drive  off 
the  ends  of  the  universal  joints  left  on  the  shafts,  using  a  block 
of  wood  and  a  hammer  for  this  purpose.  On  each  end  of  the 
case  where  the  shaft  comes  through  will  be  found  a  bushing  or 
bearing  held  in  place  by  a  locking  ring.  Loosen  and  turn  the 
locking  ring  to  release  it,  then  slip  it  off  the  shaft.   Do  the  same 
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with  the  other  end.  With  these  ends  removed  the  bearings  can 
now  be  slipped  out  if  they  are  of  the  anti-friction  type. 

To  take  out  the  main  shaft  of  the  usual  selective  type  gearbox 
it  may  be  necessary  to  disconnect  the  shifting  forks.    These  are 


Fig.  436.— Simple  Gearbox  Used  on  I.  H.  C.  Trucks. 


sometimes  threaded  onto  their  shafts,  and  can  be  turned  to  one 
side  as  they  are  lifted  out  of  the  collars  on  the  shifting  members. 
The  shaft  can  now  be  slipped  out.  Put  it  in  a  vise  and  with  a 
file  dress  off  the  edges  of  the  gear  teeth,  if  they  are  soft  enough. 
If  not,  the  burrs  must  be  ground  off.  The  gears  on  the  lower 
shaft  in  the  transmission  case  may  be  taken  out  and  treated  in 
the  same  manner.  When  putting  the  shafts  back  into  the  case, 
be  sure  that  the  bearings  are  in  their  proper  seats  and  that  the 
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locking  rings  are  firmly  seated  and  keyed.  The  sliding  gear 
transmissions,  as  used  in  the  great  majority  of  trucks,  are  built 
upon  the  same  general  lines,  some  of  them  being  assembled 
with  the  clutch  and  others  placed  amidships.  Some  types  are 
placed  in  front  of  the  jackshaft  when  a  chain  drive  is  used,  as 
shown  at  Fig.  435,  B,  or  in  front  of  the  rear  axle  in  some  types 
of  bevel  gear  drives.  Some  of  the  transmissions  have  four  speed 
ratios  instead  of  three.  Many  of  these  are  used  in  worm-driven 
trucks. 

Transmission  of  I.  H.  C.  Trucks.— The  view  of  the  transmission 
at  Fig.  436  shows  all  gears  in  neutral  position.  The  first,  or 
lowest  speed,  is  obtained  by  throwing  the  hand  lever  into  the 
position  marked  "L"  on  the  quadrant.  This  brings  the  large 
gear  on  the  square  shaft  into  mesh  with  its  pinion  on  the  coun- 
tershaft, and  power  is  transmitted  through  the  constant  mesh 
gears  to  the  countershaft  and  through  low  speed  gears  to  the 
squared  shaft  which  carries  the  rear  universal  joint.  The  second 
speed  is  obtained  when  the  hand  lever  is  in  quadrant  position 
"M,"  when  the  smaller  sliding  gear  is  in  mesh  with  the  large 
gear  in  center  of  countershaft.  Third,  or  high  gear,  is  obtained 
with  lever  in  position  "H,"  when  the  drive  is  direct  through  the 
internal  gear  clutch  on  the  forward  sliding  gear  and  the  counter- 
shaft turns  idly.  In  reverse,  the  gear  shifter  lever  is  in  position 
"R,"  and  the  large  sliding  gear  meshes  with  an  idler  pinion 
which  in  turn  meshes  with  the  small  pinion  on  the  countershaft 

Timken  roller  bearings  are  used  throughout,  and  those  on  the 
main  shafts  are  adjusted  by  the  spanner  nuts  just  outside  the 
case  at  the  front  end,  and  by  turning  the  notched  plate  outside 
the  rear  bearing,  either  one  adjusts  the  entire  series.  The 
notched  plate  turns  to  the  left  to  tighten  bearings.  Be  sure  that 
locking  plates  are  in  position  so  as  to  hold  the  adjustment  before 
leaving  the  job.  The  inside  horned  nut  at  the  rear  end  is  a 
packing  device.  The  countershaft  bearings  are  adjusted  at  the 
rear  by  the  same  kind  of  device  as  used  on  the  main  shaft.  Great 
care  must  be  taken  not  to  get  bearings  adjusted  too  tight. 

The  Rear  Axles  and  Shafts. — The  rear  system  of  the  truck 
should  be  given  some  attention.  There  are  several  different 
types  of  axles  in  use  in  trucks,  and  the  adjustments  of  these 
differ.  For  instance,  there  is  the  bevel  gear  drive  that  is  used 
in  many  of  the  light  trucks  up  to  a  ton-load  rating.  Then  there 
"  is  the  internal  gear  drive  which  has  the  secondary  drive  pinions 
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and  the  internal  gears  inside  the  brake  drum.  This  type  is  used 
in  trucks  from  one  ton  to  seven  tons  capacity,  and  on  some  of 
the  four-wheel  driven  trucks.  The  worm  drive  is  used  in  a 
very  large  part  of  trucks  from  three-quarter  ton  to  six  and 
seven  tons  load  rating.  Last  of  all  is  the  chain  drive,  from 
sprockets  on  the  end  of  jackshaft  to  a  sprocket  on  the  rear 
wheel,  using  a  dead  axle  to  carry  the  load. 

In  the  bevel  gear  type  of  axle  look  for  worn  bearings  on  the 
axle  shafts,  and  each  side  of  the  differential.  If  these  are  good 
standard  bearings  at  the  start,  such  as  a  roller  or  ball  type,  they 
will  not  require  much  attention.  If  they  are  worn  to  any  extent 
they  should  be  replaced  with  new.  If  the  differential  gears  show 
wear  or  are  chipped  on  the  edges,  remove  them  and  either  grind 
them  off  smooth  or  replace  them  with  new  gears.  This  applies 
to  the  pinion  and  ring  gears  only.  The  gears  of  the  differential 
assembly  rarely  need  attention  unless  the  truck  has  made  an 
unusual  mileage  and  show  excessive  wear.  In  that  case  they 
should  be  replaced  with  new. 

The  internal  gear  drive  principle  is  similar  to  the  bevel  drive 
differential  gearset  as  relates  to  primary  reduction,  but  from 
this  to  the  wheels  the  principle  is  quite  different.  The  primary 
reduction  gears  in  the  differential  housing  are  nearly  the  same 
size.  The  load  is  carried  on  a  dead  axle,  the  axle  housing  simply 
carrying  the  driving  axle.  The  final  drive  is  by  one  or  more 
pinions  on  the  shafts  to  an  internal  gear  in  the  brake  drum  of 
the  wheel.  The  internal  gear  drive  axle  of  the  White  truck  is 
shown  at  Fig.  437,  and  is  an  exceptionally  good  design. 

How  to  Adjust  Gears  in  Timken-Detroit  Rear  Axles. — There 
are  three  conditions  which  make  adjustment  of  gears  advisable 
These  are:  1.  Objectionable  noise.  2.  Excessive  back  lash. 
3.  Looseness  between  bearings  on  pinion  shaft  or  at  the  dif- 
ferential. 

First. — Before  making  adjustments  for  elimination  of  noise  or 
back  lash,  take  up  all  looseness,  if  any,  in  bearings.  To  do  this, 
remove  bolts  "A"  (see  Fig.  438)  and  locking  key  "B."  Turn 
slotted  ring  "C"  toward  right,  while  holding  ring  "D"  in  its 
original  position,  until  bearings  are  free  from  end  play,  at  the 
same  time  allowing  pinion  shaft  to  turn  free.  To  take  up  differ- 
ential bearings,  remove  locking  wire  in  cap  screws  "L"  and 
loosen  screws  one-half  turn.  Release  locking  finger  "J"  and  turn 
right-hand  adjusting  ring  "F"  toward  differential  until  bearings 
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are  free  from  end  play,  at  the  same  time  allowing  differential  to 
turn  freely. 

Second. — When  adjusting  to  eliminate  noise,  remove  bolt  "A" 
and  locking  key  "B,"  as  above,  and  turn  rings  "C"  and  "D"  one 
slot  toward  the  left  and  repeat  until  quietest  point  is  found.  If 
noise  increases,  adjust  in  the  opposite  direction.    Always  turn 


Fig.  438.— Speed  Wagon  Axle  Using  Timken  Roller  Bearings. 


rings  "C"  and  "D"  together  when  adjusting  for  this  purpose 
by  using  a  tool  broad  enough  to  engage  slots  in  both  rings. 

Third. — When  adjusting  to  take  up  backlash  in  gears,  remove 
wire  and  loosen  cap  screws  "KM  "L"  one-half  turn.  Release 
locking  fingers  "H"  "J."  Back  adjusting  ring  "F"  away  from 
differential  and  turn  adjusting  ring  44E"  toward  differential 
(right-hand  thread  on  both)  until  gear  is  forced  toward  pinion 
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so  that  it  has  about  .005"  backlash,  or  barely  perceptible 
looseness. 

If  gears  are  so  far  out  of  mesh  that  no  results  can  be  ob- 
tained through  method  described  above,  or  new  gears  have  to 
be  placed  in  axle,  remove  peep  hole  plug  "G"  for  observation, 
and  set  gears  with  backs  flush,  as  a  starting  point,  and  proceed 
again  as  above.  If  noise  results  from  taking  up  loose  bearings, 
proceed  as  in  paragraphs  two  and  three,  as  required. 

After  making  adjustments,  make  sure  that  all  locking  keys, 
cotters,  wires,  etc.,  are  replaced,  and  all  bolts  and  cap  screws 
properly  drawn  up.  If  running  a  car  to  try  effect  of  any  ad- 
justments, all  bolts  and  cap  screws  must  be  properly  tightened. 
These  instructions  apply  particularly  to  rear  axles  illustrated. 
Other  rear  axles  made  by  this  company  differ  slightly  in  con- 
struction from  these,  but  in  a  general  way  the  method  described 
above  can  be  used  for  other  axles  also. 

The  bearings  and  gears  in  this  type  axle  should  be  examined 
for  wear.  When  excessively  worn  the  restoration  had  best  be 
made  by  putting  in  new  parts  wherever  needed.  The  wrorm 
drive  system  should  be  examined  as  to  the  conditions  of  the 
bearings,  and  also  as  to  the  wear  in  the  worm  shaft  and  worm 
wheel.  If  a  worm  drive  is  not  properly  lubricated,  excessive 
wear  takes  place  at  the  worm.  If  the  worm  wheel  is  worn  con- 
siderably or  the  worm  shaft  is  cut  or  scored,  replacement  may  be 
necessary.  The  bearings  may  require  renewal  if  much  worn 
In  the  chain  drive  the  chief  places  for  wear  to  show  are  the 
chains  and  sprockets.  If  the  sprockets  are  worn  they  can  ^e 
reversed  and  considerable  wear  ohtained  from  the  other  side. 
If  the  chains  are  worn  or  stretched  they  should  be  replaced  with 
new.  Keep  the  chains  well  oiled  and  when  in  use  they  will 
run  fairly  quiet.    Chains  must  be  kept  clean. 

The  axles  used  in  truck  construction  may  be  divided  into  four 
classes:  the  semi-floating  axle,  which  is  used  in  light  trucks; 
the  three-quarter  floating  and  the  full  floating,  and  the  dead 
axle,  used  in  all  of  the  chain  drive  types  and  in  the  internal 
gear  drive  type  trucks.  All  of  these  have  been  fully  described 
in  the  chapter  on  final  drive  systems. 

The  brake  shoes  should  be  examined  for  depreciation,  and  if 
worn  too  badly  should  be  relined  and  adjusted.  Tighten  all  loose 
bolts  and  nuts  on  the  frame  of  chassis  and  guards.  See  that 
sufficient  lubrication  is  supplied  to  the  differential.   A  good  grade 
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of  steam  cylinder  oil  can  be  used  for  this,  filling  the  case  to  the 
peep  hole  on  the  side  of  the  case.  The  reason  for  using  a  heavy 
oil  in  preference  to  grease  is  that  it  clings  to  the  face  of  the 
gears  and  lubricates  them  thoroughly.  Where  grease  is  used 
the  master  gear  may  cut  a  path  in  the  grease  and  the  pinion 
gear  will  not  be  lubricated.  Keep  the  grease  cups  full  and  turn 
them  down  once  every  other  day,  if  necessary.  Make  this  a 
practice  and  it  will  save  uncertainty  on  the  part  of  the  driver. 

I.  H.  C.  Rear  Axle. — The  rear  axle  which  is  shown  at  Fig.  439 
is  of  the  internal  gear  type.  The  load  is  carried  on  a  drop-forged, 
heat-treated  alloy  steel  solid  axle,  while  the  power-transmitting 
mechanism  is  enclosed  in  oil-tight  castings.  The  wheels  run  on 
Hyatt  roller  bearings  and  end  motion  is  taken  by  hardened  steel 
and  bronze  thrust  bearings.  The  hubs  have  integral  flanges, 
supporting  and  driving  the  spokes,  and  carrying  the  internal 
gear  rings  which  are  pressed  into  place,  locked  by  four  round 
keys  and  secured  against  slipping  out  by  an  expansion  ring. 

How  to  Remove  Internal  Gear. — To  remove  one  of  these  gears : 
first,  pry  out  locking  ring;  next,  pry  or  pull  out  the  gear,  as 
shown  at  Fig.  440.  Insert  the  new  gear,  using  partly  inserted 
round  keys  to  locate  the  gear  with  reference  to  the  keyways, 
and  drive  gear  and  keys  home  with  a  soft  hammer  or  by  using 
a  block  of  wood  to  strike  against.  See  that  the  locking  ring  is 
down  in  its  groove  and  cotter  pin  inserted  in  hub  rim  and  ends 
well  spread  so  that  the  locking  ring  cannot  work  out.  All  this 
work  can  be  done  by  anyone  handy  with  ordinary  tools,  and  it 
is  not  necessary  nor  advisable  to  buy  a  new  hub  with  gear 
attached,  as  was  the  case  with  the  old  design. 

Lubrication  of  the  Axle. — The  wheel  hubs  should  be  packed 
with  a  heavy  grease  for  summer,  using  a  little  lighter  grease  for 
winter.  More  can  be  added  as  necessary  by  removing  and  filling 
the  hub  cap.  Care  should  be  used  not  to  overdo  this,  as  excess 
grease  working  out  into  the  gear  compartment  in  too  great 
quantity  will  get  onto  the  brake.  The  best  grease  for  the  internal 
gears  is  the  kind  that  sticks  to  the  surfaces.  Cover  the  teeth 
and  put  a  little  in  the  cavity  behind  them.  Look  at  the  gears 
after  the  truck  has  run  2,000  miles ;  see  how  much  grease  is  left 
and  how  much  has  worked  out  onto  the  brakes  and  govern  your 
of  lubricant  accordingly.  A  heavy  steam  cylinder  oil,  such 
W  fiOO  W.  for  winter  use,  or  a  nonfluid  transmission  oil,  or  semi- 
fluid grease  for  summer,  are  right  for  the  differential  case.  No. 
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41  Gredag  is  good.  The  case  should  contain  about  two  quarts 
and  should  have  attention  every  2,000  miles,  or  oftener  if  there 
are  signs  of  loss  of  lubricant  from  the  case. 

The  Universal  Joints. — Lubrication:  The  joints  should  be  filled 
with  grease  about  every  1,500  miles.  Unscrew  two  of  the  pipe 
plugs  closing  the  outer  ends  of  the  bushings  in  which  the  cross 
trunnions  work,  as  shown  at  Fig.  441.  Force  grease  into  one 
bushing  with  a  grease  gun  until  the  central  cavity  of  the  cross 
is  full  and  grease  is  forced  out  through  the  other  unplugged 


Fig.  440.— How  to  Remove  Ring  Gear  from  I.  H.  C.  Truck  Axle. 

opening.  Screw  both  plugs  back  tight.  Lubricate  the  splined 
shaft  with  grease  gun  through  the  hole  in  the  side  of  the  yoke. 
Be  sure  to  screw  plug  back  tight.  Use  transmission  grease  in 
winter  and  a  medium  cup  grease  in  summer.  Grease  must  not 
be  too  hard.  To  remove  bushings,  take  caps  off  the  yokes  and 
bushings  can  be  removed  readily.  When  replacing  parts  see 
that  the  felt  washer  retainer  is  next  the  yoke,  so  that  parts  will 
slip  together  readily.  Screws  holding  caps  must  be  turned  up 
tight  with  lock  washers  under  heads  and  wired. 

To  Adjust  Bevel  Gears. — The  bevel  gearing  is  carefully  ad- 
justed when  it  leaves  the  factory  and,  if  kept  properly  lubri- 
cated, should  not  need  attention  for  a  long  time.  Do  not  take  it 
apart  as  long  as  it  runs  quietly.  If  it  should  become  necessary 
to  inspect  it,  the  entire  gearing  can  be  taken  out  without  altering 
its  adjustment,  as  directed  below,  but  adjustment  can  be  made 
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with  the  gearing  in  place.  A  grease  cup  is  provided  for  the 
bearing  at  pinion  end  of  each  driving  shaft.  Give  each  cup  a 
turn  every  100  miles.  Use  no  grease  containing  acid  nor  animal 
fat.  Vaseline  is  good.  Remove  drive  shaft  packing  plate  and 
back  off  the  lock  screw  on  each  side  of  the  differential  housing, 
the  adjusting  ring  is  then  accessible  through  openings  in  the 
housing.  These  rings  adjust  the  bevel  gear  sidewise,  and  take 
up  any  play  in  the  thrust  bearings. 

The  bevel  drive  pinion  is  adjusted  by  the  drive  pinion  adjust- 
ment cap  shown  at  Fig.  439.  Remove  the  cap  screws  locking  this 
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Fig.  441. — I.  H.  C.  Truck  Universal  Joints. 

piece.  To  back  the  pinion  out,  turn  this  cap  to  the  right.  To 
force  it  in,  turn  to  the  left;  this  screws  back  on  the  bearing 
carrier.  Put  the  lock  screws  back  in  and  draw  up,  forcing  the 
pinion  and  bearing  assembly  forward.  There  are  three  tapped 
holes  close  together  for  each  screw  so  that  a  close  adjustment 
can  be  made.  Pull  the  cap  hard  against  the  case  with  the  lock 
screws. 

The  best  way  to  determine  whether  the  adjustment  is  perfect 
is  to  cover  the  teeth  of  one  gear  with  a  light  coating  of  Prussian 
blue  and  then,  after  assembling,  turn  the  gears  a  few  revolu- 
tions. When  the  blue  is  transferred  to  the  other  gear  uniformly, 
from  end  to  end  of  the  teeth,  the  adjustment  is  right.  Be  careful 
to  have  the  adjustments  securely  locked  before  assembling  finally 
and  be  particularly  careful  that  there  is  no  pressure  exerted  by 
the  adjusting  nuts  on  the  thrust  bearings.  If  there  is,  you  may 
have  to  take  the  axle  down  again  shortly  and  put  in  new  bearings. 
The  notched  nut  adjusts  the  thrust  bearings  only.    While  an 
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experienced  man  can  adjust  the  gearing  without  removing  it, 
it  is  much  more  readily  done  by  getting  it  out  where  it  can  be 
seen.  To  do  this*  jack  up  the  axle,  remove  the  wheels,  remove 
the  bolts  fastening  bearing  retainer  to  brake  anchor,  and  pull 
out  drive  pinion  and  shaft.    Unbolt  the  gear  carrier  from  the 


Fig.  442.— How  to  Adjust  I.  H.  C.  Truck  Brakes. 


housing,  when  the  carrier  with  the  assembly  gears  can  be  pulled 
forward.  Do  not  remove  bolts  holding  the  housing  to  the  axle. 
In  replacing  the  wheels,  screw  the  axle  nut  up  hard  and  lock 
with  cotter. 

Worm  Drive. — On  many  truck  models,  the  differential  drive 
units  are  of  the  worm  gear  type.  The  propeller  shaft  and  uni- 
versal joint  are  connected  direct  to  the  worm  shaft.  Should 
occasion  arise  necessitating  adjustment,  this  should  by  all  means 
be  taken  care  of  by  one  experienced  with  rear  axle  alignment. 
In  order  to  make  adjustment  on  the  driving-worm  shaft,  it  is 
necessary  to  disconnect  the  universal  joint  from  the  wormshaft. 
I  hen  remove  the  nuts,  which  hold  the  worm  cover  to  the  axle 
housing  and  the  axle  shafts.    This  will  permit  you  to  lift  the 
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worm  assembly  from  the  housing.  The  construction  of  a  typical 
worm  drive  axle  is  clearly  shown  at  Fig.  443. 

The  adjustment  for  the  worm  is  made  at  the  front  end  only 
of  the  shaft  by  turning  the  adjusting  nuts.  It  is  necessary  that 
the  shaft  have  about  one-sixty-fourth  of  an  inch  to  one-thirty- 
second  of  an  inch  end  play.    It  is  also  necessary  that  the  drive 


Fig.  444. — How  to  Clean  Driving  Chain. 

worm-wheel  is  in  the  center  of  the  wormshaft  and  the  adjust- 
ment be  made  by  the  adjusting  nut  at  bearing  ends.  The  dif- 
ferential and  its  gears  in  the  worm-drive  type  should  require 
no  attention  other  than  keeping  the  housing  filled  with  a  readily 
flowing  lubricating  oil,  free  from  acid  and  graphite.  Inspections 
should  be  made  weekly  and  fill  oil  in  the  housing,  even  with  the 
tiller.    Replace  oil  every  1.000  miles. 

Chain  Drive. — On  models  constructed  with  chain  drive  the 
differential  is  located  in  a  jackshaft  housing,  as  shown  at  Fig. 
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435,  whereas  in  the  worm  drive  it  is  housed  directly  in  the  rear 
axle,  as  clearly  shown  at  Fig.  443.  The  differential  in  a  number 
of  models  is  of  a  nonadjustable  type,  and  is  shimmed  in  proper 
place  when  assembled  at  the  factory.  The  shim  is  found  be- 
tween the  spacer  and  the  jackshaft  housing  end  of  the  left  side. 

To  remove  the  differential,  take  off  the  bearing  caps  on  the 
front  and  rear  end  of  the  countershaft.  Tap  the  bearing  out  of 
position  with  a  lead  mallet  and  pull  the  countershaft  forward, 
then  remove  both  the  hackshafts  by  removing  chains,  take  out 
the  wire  lock  found  near  the  radius  rod  collar,  and  turn  out 
jackshaft  housing  end,  thus  removing  the  jackshaft.  Remove 
the  differential  bearing  carrier  caps  and  lift  out  the  differential 

Keep  the  transmission  and  differential  housing  filled  to  three- 
quarters  full  of  the  good  grade  of  heavy  fluid  grease,  of  the 
consistency  of  600  W.  Once  every  season  the  housing  should 
be  thoroughly  cleaned  of  all  grease  and  accumulated  grit  and 
refilled. 

Care  of  Chains. — Chains  should  first  be  thoroughly  cleaned  of 
all  dirt  and  grit  by  thoroughly  soaking  in  gasoline ;  then  make 
a  mixture  of  beef  tallow  and  flake  graphite,  using  three  parts  of 
tallow  and  one  part  of  graphite.  This  lubricant  should  be  put 
in  a  pan,  as  shown  at  Fig.  444,  and  heated  almost  to  the  boiling 
point,  and  then,  while  the  lubricant  is  still  hot,  draw  the  chains 
slowly  back  and  forth  through  it  until  all  the  joints  have  been 
thoroughly  oiled.  Next  lay  the  chain  full  length  on  the  floor 
or  on  a  bench,  and  push  the  links  together  to  make  the  chain 
as  short  as  possible,  then  leave  the  chain  undisturbed  until  the 
grease  has  become  set  or  hardened. 

This  not  only  results  in  the  chain  being  thoroughly  lubricated, 
but.  by  allowing  the  lubricant  to  dry,  as  referred  to,  it  serves  to 
protect  rollers  from  dust  and  grit.  One  other  point  in  the 
caring  for  chains  which  is  seldom  given  the  proper  attention  is 
the  cleaning  or  brushing  off  of  all  heavy  dirt  or  dust  which 
accumulates  after  the  truck  is  driven  in  rain  or  through  mud 
When  this  is  done  (and  it  should  be  quite  often  to  prevent  the 
dirt  from  getting  into  the  joints  and  cutting  the  bearings),  the 
best  method  of  accomplishing  it  is  to  jack  up  one  wheel,  start 
the  motor  and  then  put  the  gear-shift  lever  in  either  first  speed 
or  reverse. 

Then  let  the  clutch  in  and  allow  the  wheel  to  turn.  While 
tin-  wheel  is  revolving  take  a  stiff  brush  and  brush  the  chain 
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vigorously",  being  careful  not  to  get  hands  or  brush  between  the 
chains  and  the  sprockets.  Whenever  the  truck  is  run  this  way 
with  one  wheel  jacked  up,  be  sure  to  block  the  other  wheels 
well,  so  that  the  truck  cannot  fall  off  the  jack. 

While  the  above-mentioned  method  of  lubricating  chains  is  by 
far  the  best  method,  at  the  same  time  there  are  a  great  many 
cases  where  it  would  be  impossible  to  change  this  lubrication, 
and  for  that  reason  a  simpler  method,  although  riot  nearly  as 
satisfactory,  may  suffice.  If  chains  are  cared  for  as  described 
below,  and  then  occasionally  taken  off  as  mentioned  above,  they 
will  last  a  great  deal  longer. 

Jack  up  the  rear  wheel  and  clean  the  chains  and  sprockets  as 
thoroughly  as  possible  with  a  stiff  brush,  turning  the  wheels  by 
hand  as  may  be  needed,  then  wipe  with  waste.  Then  start  the 
motor  and  shift  the  gear  lever  to  reverse  or  first  speed,  so  the 
rear  wheels  turn  very  slowly.  Now,  as  the  rear  wheels  revolve 
and  the  chains  are  moving,  squirt  gasoline  on  them,  which  will 
cut  away  the  dirt  inside  and  out.  When  the  chains  are  thor- 
oughly cleaned  stop  the  motor,  take  grease,  preferably  one  that 
contains  graphite,  and  apply  with  a  brush  all  over  the  chains, 
turning  the  wheels  so  as  to  work  the  lubricant  into  the  rollers. 

This  last  is  very  important  as  the  friction  is  inside  of  chains, 
there  being  a  roller  action  between  the  rivets  and  the  roller  of 
the  links.  Work  grease  between  the  rollers  and  side  links,  then 
wipe  off  the  surplus  grease. 

Care  of  Brakes. — There  is  not  a  part  of  a  truck  more  neglected 
by  the  average  driver  than  the  brakes;  they  are  of  the  utmost 
importance,  however.  There  should  be  no  disregard  of  the  pre- 
cautions necessary  to  insure  their  dependable  condition  at  all 
times.  Both  sets  of  brakes  are  smooth  and  positive  in  action, 
and  under  ordinary  usage  will  not  require  any  particular  atten- 
tion other  than  occasional  oiling  of  the  connections  and  the 
regular  usage  of  the  grease  cups  provided  for  the  brakeshaft 
bearings.  All  working  joints,  at  clevis  ends,  should  be  kept  free 
in  action  by  an  occasional  oiling,  and  the  rods  kept  free  from 
lost  motion. 

Both  sets  of  brakes  in  most  trucks  are  equalized,  but  this 
must  not  be  misunderstood  to  mean  that  whether  the  brake  be 
properly  adjusted  or  not  the  action  will  be  alike  for  either  wheel. 
On  the  contrary,  it  is  important  to  see  to  it  that  the  brake  shoe 
or  brake  band  clearance  be  maintained  uniformly  for  both  brakes. 
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This  is  particularly  true  of  the  band  brakes  where  such  are  used. 
In  adjusting  the  free  ends  of  the  band  type  of  brake,  particular 
attention  must  be  paid  to  the  clearance  as  well  as  to  having  the 
two  ends  of  either  brake  come  in  contact  with  the  drum  evenly. 
It  is  very  important  when  brake  adjustments  are  made  that 
extreme  care  be  taken  to  see  that  there  is  no  drag,  as  a  dragging 
brake  not  only  wears  out  rapidly,  but  also  absorbs  considerable 
power.  When  the  play  in  the  brakes  becomes  more  noticeable, 


PROPELLER  SHAFT  BRAKE 


Fig.  445.— Types  of  Shoe  Brakes  Used  on  Propeller  Shafts  and  Counter- 
shafts. 

it  may  be  taken  up  by  shortening  the  rods  in  some  trucks  by 
means  of  the  threaded  joints,  which  are  then  screwed  into  their 
clevises  the  required  distance. 

Service  Brake. — On  some  truck  models  the  service  brake  is 
installed  on  the  countershaft  of  the  transmission.  Operation  is 
from  the  foot  pedal.  This  brake  is  of  the  external-contracting 
type,  and  except  for  the  nonadjustable  anchor  pin  is  in  all  re- 
spects as  far  as  adjustment  and  maintenance  is  concerned  similar 
to  other  models.  The  propeller  shaft  brake  is  usually  of  the 
locomotive  type,  as  shown  at  A,  Fig.  445.  The  shoes  are  of  the 
swiveling  pattern,  mounted  on  swinging  arms,  which  in  turn 
are  operated  by  a  balance  linkage,  insuring  that  the  pressure 
applied  for  braking  be  applied  evenly. 

N 
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When  adjusting  the  propeller  shaft  brake  of  Garford  trucks, 
it  is  best  that  the  four  set  screws  bearing  against  the  brake 
shoes  be  released  entirely  and  that  the  brake  be  drawn  up  for 
action  and  retained  in  such  position  before  the  four  set  screws 
are  again  brought  to  bear  against  the  brake  shoe.  It  is  impor- 
tant that  the  screws  be  brought  down  evenly,  and  only  until 
contact  is  made  with  the  shoe,  after  which  the  check  nuts  may 
be  brought  to  bear.  There  is  absolutely  no  cause  for  frequent 
adjustment  of  these  set  screws.  To  compensate  for  wear  of  the 
brake  lining,  the  nut  attached  to  the  draw-stem  should  be  given 
a  turn  or  two,  after  which  an  inspection  of  the  shoes  must  be 
made  to  ascertain  if  contact  with  the  drum  is  made. 

On  practically  all  worm-driven  models  one  set  of  brakes  are  ' 
of  internal  expanding  shoe  type.  This  particular  type  of  brake 
requires  a  very  small  amount  of  attention  and  invariably  will 
give  entire  satisfaction  until  the  lining  is  completely  worn  out. 
It  is  for  this  reason  that  no  adjustments  are  provided  on  the 
free  ends  of  the  shoes.  The  only  adjustment  which  will  ever 
be  required  after  the  facings  have  worn  is  that  which  can  be 
effected  by  shortening  the  brake  connecting  rods  by  your  chang- 
ing the  position  of  the  brake  cam  levers  on  the  brake  camshafts 
until  you  get  the  desired  adjustment.  You  can  loosen  the  lever 
and  move  it  back  a  notch  at  a  time  from  its  original  position, 
being  careful  when  doing  this  to  change  the  mating  lever  on 
the  opposite  side  of  the  axle.  Care  should  be  exercised  in  mak- 
ing brake  adjustments  that  the  brakes  do  not  drag,  as  a  dragging 
brake  not  only  wears  out  rapidly,  but  also  absorbs  considerable 
power.  On  some  models  the  rear  wheel  brakes  are  of  the  twin 
pattern.  Only  one  set  of  the  twin  shoes  are  connected,  due  to 
the  use  of  the  propeller  shaft  brake  for  service.  When  one  set 
of  shoes  are  worn  out,  the  control  rods  may  be  placed  on  the 
free  brake  shoes  and  used  until  it  is  necessary  to  reline  all  at 
once. 

Pierce  Truck  Brakes. — The  service  or  foot  brake  (Fig.  446), 
operated  by  the  pedal,  is  of  the  locomotive  type,  and  consists 
of  two  contracting  shoes  operated  on  a  drum  at  the  rear  of  a 
transmission.  These  brake  shoes  are  lined  with  a  special  fabric, 
and  should  be  examined  from  time  to  time  to  see  that  the  sur- 
faces arc  not  worn  away.  In  adjusting  the  foot  brake  it  is 
merely  necessary  to  tighten  up  the  large  nut  "1,"  at  the  left  end 
of  the  foot  brake  camshaft.    This  nut  can  be  easily  located,  due 
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to  the  fact  that  it  is  held  in  position  by  means  of  a  flat  steel 
spring  "2,"  and  in  order  to  turn  this  nut  it  is  only  necessary  to 
lift  this  spring  up  slightly.  It  may  be  found  after  the  brake  has 
been  adjusted  a  number  of  times  that  the  left  shoe — looking 
forward — is  close  against  the  drum.   In  this  case  it  will  be  neces- 


Fig.  446.— Brakes  of  Picrce-Arrow  Truck. 

sary  to  move  the  cottered  nut  "3"  several  turns,  care  being  taken 
to  replace  the  cotter  pin  after  this  adjustment.  Care  should  al- 
ways be  taken  in  adjusting  this  brake  to  see  that  both  shoes  are 
perfectly  free  of  the  drum  when  the  brake  is  released.  By  with- 
drawing the  two  demounting  pins  "4,"  Fig.  446,  A,  held  in  place 
by  cotter  pins,  both  brake  shoes  can  be  removed  for  replacement 
or  relining.    If  this  service  brake  is  found  to  act  somewhat 
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harshly  at  times,  its  action  can  be  softened  by  rubbing  a  little 
graphite  grease  over  the  brake  drum.  This  does  not  destroy  the 
efficiency  of  the  brake,  but  prevents  the  harsh  gripping. 

The  emergency  or  hand  brake  (Fig.  446,  B)  is  of  the  internal 
expanding  type  and  acts  on  the  drums  of  both  rear  wheels  and 
is  operated  by  a  hand  lever  at  the  side  of  the  truck.  The  brake 
shoes  are  pivoted  at  the  rear  ends  and  the  grease  cups  for  the 
lubrication  of  these  pins  "1"  should  be  given  a  turn  every  day 
the  car  is  in  use.    There  is  also  a  grease  cup  for  cam  spindle 


Fig.  447.— Wheel  Pullers  Used  to  Remove  Wheels  from  Axles  so  Internal 

Brakes  May  Be  Reached. 


"2,"  which  should  be  given  a  turn  every  150  miles.  All  joints 
and  connections  from  the  brake  pedal  and  hand  lever  to  the 
toggles  operating  the  two  sets  of  brakes  should  be  kept  clean 
and  lubricated  daily. 

The  hand  brake  is  adjusted  by  means  of  the  adjusting  yokes 
at  the  forward  ends  of  the  brake  rods.  There  is  a  compensating 
device  which  equalizes  the  braking  action  on  each  rear  wheel; 
however,  in  adjusting  these  brakes  it  is  advisable  to  turn  up  the 
adjusting  yokes  the  same  number  of  turns  in  both  sides  of  the 
truck.  In  the  same  way  care  should  be  exercised  not  to  adjust 
these  brakes  too  tight.  When  the  truck  is  empty,  the  hand 
brake  should  not  take  hold  until  the  third  notch ;  otherwise,  when 

/ 
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the  truck  is  loaded,  the  radius  rod  action  will  cause  "dragging-" 
If  it  is  suspected  that  the  brakes  are  dragging,  jack  up  each  rear 
wheel  in  turn — with  the  truck  loaded — and  spin  them  around  by 
hand,  which  will  indicate  the  adjustment  of  the  brakes.  Be  care- 
ful to  keep  all  brake  surfaces  free  of  oil  and  grease,  unless  where 
conditions  exist  as  stated  above.  The  brakes  should  never  he  so 
loose  as  to  allow  them  to  be  applied  to  the  full  extent  of  travel. 

Gear  and  Wheel.  Pullers. — A  tool  that  has  much  utility  is  the 
"Little  Giant"  gear  and  wheel  puller  shown  at  Fig.  447,  A,  and 
is  very  useful  in  removing  wheels  for  working  on  the  brakes 
when  these  are  keyed  to  live  axle  shafts.  It  is  made  with  four 
puller  arms  of  dropped  forged  steel  and  has  an  adjustment  range 
from  zero  to  13  inches  when  "extension  arms"  are  used.  The 
puller  arms  are  so  arranged  that  with  the  draw  screw  in  place 
there  are  four  pulling  points,  so  distributed  that  there  is  no  need 
of  a  holding  or  steadying  bar.  The  pulling  prongs  are  designed 
to  give  maximum  strength,  yet  to  occupy  little  room.  For  this 
reason  they  may  be  used  for  removing  timing  gears  or  other 
gears  where  room  is  limited. 

This  device  is  handy  for  removing  inside  work  and  for  inside 
pulls.  For  removing  small  pulleys  or  gears  a  pair  of  extension 
arms  may  be  used.  These  arms  are  provided  with  a  locking 
arrangement  for  fastening  to  the  pulling  arms  and  provide  for 
two  pulling  points  rather  than  the  four  as  in  the  primal  attach- 
ment. 

The  Crane  three-arm  puller  shown  at  Fig.  447,  B,  is  especially 
valuable  in  removing  motor  truck  wheels,  as  it  is  very  substan- 
tial in  construction.  There  are  pads  on  the  ends  of  the  puller 
bolts  which  swing  from  the  arms,  these  fitting  back  of  the  spokes. 
The  puller  bolts  have  yokes  on  the  end  to  fit  the  arms  and  their 
location  may  be  changed  to  conform  to  pieces  of  varying  diame- 
ter they  are  used  with.  The  advantage  of  a  three-arm  puller 
over  a  two-arm  is  that  it  cannot  rock  to  one  side  or  the  other 
as  the  screw  is  tightened,  and  its  pressure  is  always  applied  at 
equidistant  points  from  the  center  pressure  screw. 

Wheel  Alignment. — The  front  wheels  of  practically  all  models, 
when  correctly  aligned,  are  not  exactly  parallel,  but  "toed  in/' 
In  order  to  make  the  steering  easy  and  to  keep  the  front  tires 
in  position  so  they  will  wear  evenly,  you  should  occasionally 
examine  the  front  wheels  to  see  that  they  line  up  correctly.  It  is 
good  practice  to  "toe  in,"  as  it  were,  the  front  wheels  anywhere 
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from  one-quarter  to  one-half  of  an  inch  in  front.  That  is,  the 
inner  edge  of  the  rim  in  front  should  measure  about  one-half 
inch  closer  together  than  at  the  rear.  These  measurements  are 
to  be  taken  in  line  with  the  hubs  at  diametrically  opposite  points. 
Take  a  stick  the  exact  length  from  one  rim  to  the  other,  across 
the  front  of  the  wheels,  then  put  the  stick  between  the  wheels 
at  the  rear,  and  if  you  find  the  distance  to  be  one-quarter  to  one- 
half  of  an  inch  greater  than  the  length  of  the  stick,  the  align- 
ment is  all  right.  In  case  it  is  not,  you  should  remove  the  bolt 
that  holds  the  cross  rod  between  one  steering  arm  and  the  other 
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Fig.  448.— Truck  Axle  with  Wheel  Removed  Showing  Internal  Brake 

and  Taper  Roller  Bearings. 

and  turn  up  or  turn  off,  as  the  case  may  require,  the  adjustable 
clevis  until  you  have  the  proper  distance. 

The  wheels  of  most  truck  models  are  equipped  with  taper 
roller  bearings,  which  are  the  most  durable  and  easily  adjusted. 
To  keep  the  bearings  well  lubricated,  pack  them  with  grease 
(not  graphite  grease).  To  see  whether  the  wheel  bearings  need 
adjustment,  jack  up  the  wheels,  when  any  looseness  will  show 
on  rocking  the  wheels  sideways. 

Care  and  Adjustment  of  Wheel  Bearings. — Remove  the  hub 
cap,  then  put  a  jack  under  the  front  axle,  and  raise  the  wheel 
clear  of  the  ground. 

Wipe  the  grease  from  the  end  of  the  front  axle  spindle  and 
with  your  pliers  remove  the  cotter  pin  from  in  front  of  the  outer 
lock  nut.  Take  off  the  outer  lock  nut  with  a  wrench.  A  thin 
lock  washer  comes  off  next,  then  take  off  the  inner  lock  nut. 
Kneel  directly  in  front  of  the  wheel.    Grasp  the  rim  of  the  wheel 
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Fig.  449.— The  Emergency  Brake  is  Placed  on  the  Rear  End  of  a  Unit 
Power  Plant  in  Numerous  Light  Trucks. 


with  both  hands  and  pull  directly  toward  you,  being  careful  not 
to  let  the  outer  bearing  slip  from  the  hub  and  fall  to  the  floor, 
as  this  may  bend  or  damage  the  cage  so  that  the  bearing  will 
not  render  perfect  service  when  replaced.    The  outer  bearing 
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having  been  removed,  lift  the  wheel  off  the  spindle,  exposing  the 
inner  bearing. 

With  a  stiff  brush  and  gasoline  or  kerosene,  clean  all  old 
grease  from  both  the  outer  and  inner  bearings  and  the  inside  of 
the  hub.  It  is  not  necessary  to  remove  the  inner  bearing  from 
the  spindle  in  order  to  do  this,  although  it  may  be  removed  if 
you  so  desire.  In  case  you  do  remove  the  inner  bearing,  it  is 
sometimes  a  very  good  idea  to  place  both  inner  and  outer  bear- 
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Fig.  450. — Steering  Knuckle  of  Motor  Truck  Axle  Showing  Taper  Roller 
Bearings  on  which  Front  Wheel  Revolves. 

ings  in  a  pan  containing  a  mixture  of  washing  soda  and  hot 
water,  allowing  the  water  to  come  to  the  boiling  point,  which 
will  clean  any  grease  from  behind  the  rollers  that  the  brush  and 
gasoline  or  kerosene  may  have  failed  to  remove.  If  you  desire 
to  remove  the  inner  bearing  from  the  spindle  care  should  be 
taken  so  as  not  to  bend  or  damage  the  cage,  which  holds  the 
rollers  in  place  on  the  cone. 

The  bearings  having  been  thoroughly  cleaned  and  dried,  re- 
place the  largest,  or  inner  bearing  on  the  spindle,  covering  it 
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thoroughly  with  good,  clean  grease  that  is  free  from  acid,  grit 
or  any  solid  matter  such  as  fiber.  Care  should  be  taken  to  have 
no  grit  or  dirt  on  the  paddle.  The  inside  of  the  hub,  itself,  should 
also  be  thoroughly  cleaned,  and  the  space  between  the  two  cups, 
which  fit  over  the  bearings  and  which  are  pressed  firmly  into 
the  hub  itself,  should  be  repacked  with  clean  grease.  To  re- 
place the  wheel,  slide  the  large  or  inner  bearing  on  the  spindle, 
pressing  it  firmly  against  the  flange.  Then  put  wheel  on  and 
slide  the  outer  bearing  into  position.  Next  screw  on  the  inner 
lock  nut,  turning  it  up  tight  against  the  outer  bearing.  Spin  the 
wheel  several  times  in  both  directions  in  order  to  overcome  any 
tendency  to  backlash. 

Next  take  a  short  bar  in  the  right  hand  and  place  the  end  of 
it  between  the  tire  and  the  floor,  at  the  same  time  holding  the 
index  finger  of  your  left  hand  on  the  edge  of  the  outer  bearing. 
Work  the  bar  up  and  down  so  that  you  can  detect  any  excessive 
play  or  looseness.  When  you  can  feel  just  a  barely  perceptible 
shake  and  the  wheel  will  oscillate  when  given  a  slight  spin,  your 
adjustment  is  right.  If  there  is  too  much  looseness  in  the  bear- 
ings tighten  up  the  inner  lock  nut.  If,  on  the  other  hand,  the 
lock  nut  is  set  too  tight  to  allow  the  wheel  to  oscillate,  loosen  it 
about  one-quarter  turn. 

Now  replace  the  keyed  washer,  which  goes  between  the  two 
lock  nuts  and  which  prevents  the  inner  lock  nut  from  turning. 
Replace  the  outer  lock  nut  and  screw  up  tight;  replace  the  cotter 
pin  in  the  end  of  the  spindle  to  eliminate  any  possibility  of  the 
outer  nut  working  loose.  Again  test  your  adjustment  with  the 
crowbar  as  before  for  the  following  reason : 

In  using  a  heavy  wrench  to  tighten  the  outer  lock  nut.  it  is 
sometimes  possible  to  jam  this  nut  so  tightly  against  the  inner 
nut  as  to  destroy  the  adjustment.  This,  however,  never  hap- 
pens unless  the  threads  on  the  spindle  have  become  badly  worn. 
By  taking  the  extra  precaution  to  test  the  adjustment  just  be- 
fore the  hub  cap  is  replaced  you  can  be  sure  that  bearings  will 
render  service.  Cover  the  end  of  the  spindle  and  lock  nuts  with 
grease,  or  place  a  small  amount  of  grease  in  the  hub  cap  and  put 
the  hub  cap  on,  tightening  securely. 

Rear  Wheel  Bearings. — The  cleaning,  adjusting  and  lubricat- 
ing of  rear  wheel  bearings  is  done  in  exactly  the  same  manner 
as  that  described  for  the  front  wheels,  with  the  following  excep- 
tion, viz. :  There  is  no  hub  cap  to  remove  on  the  rear  wheel  of 


Digitized  by  Google 


Bear  Wheel  Bearings 


751 


some  trucks.  Instead,  you  remove  the  nuts  and  lock  washers 
from  around  the  hub  and  pull  out  the  axle  shaft,  as  shown  at 
Fig.  446.  Now  proceed  exactly  as  you  did  on  the  front  wheel 
by  removing  the  outer  lock  nut,  lock  washer  and  inner  lock  nut. 
As  a  rear  wheel  weighs  several  hundred  pounds,  it  cannot  be 
lifted  off  the  spindle  as  easily  as  a  front  wheel, "hence  the  follow- 
ing suggestion  will  be  found  useful  and  will  also  eliminate  any 
necessity  for  lifting. 

After  jacking  up  the  rear  wheel  clear  of  the  ground,  take  a 
short  piece  of  board  and  cover  the  upper  surface  with  grease; 
slide  this  board  under  the  wheel  and  then  lower  the  jack  several 
notches  so  that  the  wheel  rests  upon  the  board.  Remove  outer 
lock-out  lock  washer  and  inner  lock-out.    The  outer  bearing  can 


now  be  removed  for  cleaning.  Be  careful,  as  before,  not  to  let 
it  drop  to  the  floor  and  bend  or  damage  the  cage.  The  wheel 
can  now  be  readily  eased  off  the  greased  surface  of  the  board 
and  rolled  to  one  side.  Clean  the  old  grease  from  the  bearings 
and  hub,  repack  both  with  fresh  grease  and  replace  bearings, 
wheel  and  lock  nuts  as  described  in  the  case  of  the  front  wheels. 

Even  such  a  simple  operation  as  inserting  a  split  cotter  pin 
may  be  done  incorrectly.  The  right  and  wrong  methods  are 
shown  at  Fig.  451.  At  1,  head  of  cotter  not  in  slot  of  nut — 
turned  wrong — nor  are  the  ends  split  right — turned  wrong.  This 
combination  will  soon  work  loose  and  come  out.  At  2.  head 
of  cotter  in  right — pounded  down  firm — a  snug  fit  in  hole.  End 
of  cotter  pounded  back  over  end  of  bolt — other  end  pounded 
down.    Cotter  should  be  tight  and  stay  so. 

Steering  Gear  Care  and  Adjustment. — The  steering  gear 
should  receive  some  attention.  There  are  four  classes  of  steer- 
ing gears  in  common  practice.    The  steering  gear  used  in  Ford 


of 


Wrong  Way 


Right  Way 


Fig.  451. — Showing  How  Split  Pin  Lock  is  Used. 
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Fig.  452.— Typical  Example  of  Worm  and  Nut  Type  Steering  Gear  for 

Motor  Truck  Use. 


trucks  has  the  gears  arranged  in  the  "sun  and  planet"  form  on 
the  steering  post  just  beneath  the  wheel.  Take  off  the  steering 
wheel  by  loosening  the  brass  nut  on  top  and  with  a  mallet  and 
a  block  of  wood  drive  off  the  wheel.    Just  below  on  the  post 
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will  be  seen  the  small  case  that  holds  the  gears.  Remove  screw 
that  holds  cover  and  the  cover  can  be  removed.  The  gears  may 
then  be  inspected,  new  gears  may  be  put  in  if  necessary  and  the 
gears  packed  with  grease.  Then  replace  the  cover  and  screw,  put 
the  wheel  back  in  place  and  set  up  the  nut  that  holds  it.  At  the 
lower  end  of  the  steering  post  on  Ford  cars  look  for  play  in  the 
hall  joint  and  socket.  If  play  is  found  the  joint  may  be  taken 
apart  and  the  cap  smoothed  down  with  a  file  so  it  will  fit  the 
ball  more  closely.  If  the  ball  is  worn  too  much  replace  it  with 
a  new  arm.  The  ball  socket  on  the  other  end  of  the  rod  fastened 
to  this  ball  should  be  examined  and  treated  in  the  same  man- 
ner. The  bushings  in  the  ends  of  the  tie  rod  can  sometimes  be 
tightened  to  take  out  the  play  or  replaced  with  new  ones  or  the 
holes  may  be  reamed  out  a  size  larger  and  a  large  bolt  put  in. 
The  front  wheels  should  be  adjusted  for  end  play  by  means  of 
the  adjusting  cone  on  the  end.  Fill  the  hub  caps  with  grease 
and  screw  them  in  place.  This  will  supply  the  front  wheel  bear- 
ings with  the  necessary  grease  for  about  500  miles. 

Another  steering  gear  is  the  bevel  rack  and  pinion  type  used 
on  Reo  trucks.  The  lower  end  of  the  post  carries  a  small  pinion 
that  meshes  into  a  rack  or  half  gear  supported  at  the  center  by 
a  short  shaft  that  passes  out  through  the  frame  to  the  steering 
arm.  The  adjustment  is  secured  by  means  of  an  adjusting  screw 
in  the  bracket  at  the  side  of  the  rack.  Loosening  the  set  screw 
that  holds  the  adjusting  screw  allows  the  adjusting  screw  to  be 
turned  either  in  or  out,  forcing  the  rack  deeper  into  mesh  with 
the  pinion  or  drawing  it  out  of  mesh.  The  face  of  these  gears 
should  be  kept  lubricated  for  silent  operation.  A  grease  cup  on 
the  steering  post  feeds  the  shaft  inside  just  back  of  the  pinion. 
This  needs  attention  occasionally. 

The  Worm  and  Nut  Types. — The  worm  and  nut  type  steer- 
ing gear  is  used  to  some  extent.  Here  the  steering  wheel  is 
carried  on  a  long  tube,  the  lower  end  of  which  carries  a  double 
threaded  worm  or  screw,  engaging  with  two  half  nuts  which 
slide  up  and  down  in  guides  in  the  steering  gear  housing.  The 
threads  on  the  steering  screw  are  right  and  left  hand.  One  of 
the  nuts  has  a  right-hand  thread  and  the  other  a  left-hand  thread. 
When  the  steering  wheel  is  turned,  one  of  the  nuts  rises  on  its 
guide,  while  the  other  is  forced  down.  At  their  lower  ends  the 
half  nuts  carry  hardened  steel  thrust  blocks  which  push  against 
rollers  attached  to  the  steering  yoke  and  by  their  motion  the 
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Fig.  453.— Radius  Rods,  Spring  Shackles  and  Other  Parts  at  the  Rear 
of  a  Chassis.  Illustrations  Also  Show  Good  Features  of  Modem 
Truck  Axle. 

yoke  is  tilted  iti  the  housing,  moving  the  steering  arm  backward 
and  forward.  Owing  to  the  liberal  wearing  surfaces  provided, 
there  is  but  little  depreciation  of  the  mechanism. 

Adjustment  is  made  by  means  of  an  adjusting  ring  at  the  top 
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of  the  worm.  Loosen  the  clamp  that  holds  the  ring  to  the  post 
tube  and  with  a  large  wrench  turn  the  ring  to  the  right  to  tighten 
or  to  the  left  to  loosen.  About  one-half  inch  oscillation  should 
be  allowed  at  the  wheel.  Lubrication  may  be  supplied  by  means 
of  a  grease  cup  on  the  worm  housing.  Keep  this  filled  and  turn 
down  a  couple  of  turns  every  two  or  three  days. 

The  traveling  nut  working  up  and  down  on  the  screw  in  the 
I.  H.  C.  steering  gear  carries  two  slotted  rotating  pieces,  in  the 
slots  of  which  slide  the  rectangular  arms  of  the  rock  shaft,  to 
the  outer  end  of  which  the  ball  lever  is  attached;  all  is  clearly 
shown  in  illustration.  Fig.  452.  The  case  is  packed  with  grease 
when  assembled  and  should  work  a  year  without  needing  atten- 
tion. An  oiler  is  provided  at  the  upper  end  of  the  case,  through 
which  oil  can  be  inserted  in  case  of  emergency.  The  ball  joints 
in  the  fore  and  aft  drag  link  should  have  the  leather  boots  re- 
moved about  every  2,000  miles  for  cleaning  and  repacking  with 
grease. 

The  fourth  type  and  the  most  common  one  is  that  known  as 
the  worm  and  sector.  In  this  construction  we  have  the  same 
method  as  used  in  the  worm  gear  system  drive ;  that  is,  the 
worm  meshes  into  a  gear  with  the  teeth  cut  to  match  the  spiral 
of  the  worm  but  the  motion  is  an  oscillating  one  only.  Adjust- 
ment for  the  up  and  down  motion  of  the  worm  is  cared  for  at 
the  bottom  of  the  steering  post,  while  the  adjustment  of  the 
worm  gear  is  cared  for  at  the  outer  end  of  the  shaft  that  the 
gear  is  carried  on.  Here  a  bushing  is  found  that  will  take  out 
any  play  that  may  develop.  The  nuts  and  bolts  on  these  ad- 
justments must  always  be  kept  tight.  Grease  cups  on  the  steer- 
ing gear  housing  should  be  kept  filled  and  turned  down.  Some- 
times an  eccentric  bushing  is  used  to  support  the  worm  gear 
shaft,  and  by  this  means  the  gear  may  be  brought  closer  in  mesh 
with  the  worms  on  the  steering  column.  A  large  variety  of 
steering  gears  of  all  types  are  shown  in  a  previous  chapter  deal- 
ing with  running  gear  parts. 

Chassis  Repairs. — Even  after  the  power  plant  and  gearset  have 
received  attention,  there  are  numerous  points  about  the  chassis 
<»f  the  truck  that  should  be  inspected  if  a  thorough  overhauling 
is  called  for.  The  chassis  of  anv  well-built  car  will  need  but 
very  little  attention  if  the  various  parts  are  well  oiled  until  it 
has  been  used  from  ten  to  fifteen  thousand  miles.  After  this 
distance  has   been   covered,   the  motorists   will   probably  be 
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Section^!  View 


I  1 

Pig.  457.— Power  Take-off  and  Worm  Drive  for  Truck  Winch. 

annoyed  by  a  series  of  squeaks  and  rattles,  even  though  the  en- 
gine and  gearset  are  in  perfect  running  condition.  These  rattling 
noises  indicate  wear  at  a  number  of  relatively  unimportant  bear- 
ing points,  and  even  though  the  depreciation  is  slight,  the  loose- 
ness at  the  multiplicity  of  small  joints  will  produce  a  noise  that 
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will  be  unmistakable  whenever  the  car  is  operated  on  other  than 
perfectly  smooth  highways.  Among  some  of  the  things  to  be 
looked  for  are  wear  in  the  various  control  linkage  members, 
sagging  or  bent  frame  side  members,  loose  cross  members  or 
gusset  plates,  due  to  rivets  having  loosened  up  in  service ;  stiff 
action  of  the  springs,  due  to  rust  accumulating  between  the 
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Side  View 


Fig.  459. — Double  Sprag  Arrangement  Used  with  Truck  Equipped  with 

Winch  at  Rear  of  Frame. 

leaves;  looseness  in  the  steering  gear  and  steering  connections, 
lack  of  alignment  of  the  front  and  rear  wheels,  looseness  of  the 
wheel  hub  bearings,  and  numerous  other  conditions  that  have 
been  enumerated  and  discussed  in  this  chapter. 

It  is  not  unusual  to  find  the  rivets  at  the  corners  of  a  frame 
or  those  holding  cross  members  and  gussets  or  reinforcing  plates 
loose.  If  they  are  not  very  loose,  satisfactory  repairs  can  often 
be  made  by  peening  them  over  again,  using  a  heavy  hammer  and 
a  suitable  anvil  or  rivet  set  to  receive  the  force  of  the  hammer 
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blow.  A  rivet  set  for  frame  work  may  he  easily  made  by  taking 
a  large  bar  of  square  or  round  section  iron  or  steel,  three  feet 
long  and  two  inches  in  diameter,  and  turning  up  one  end  at  right 
angles  to  the  bar  about  three  or  four  inches  back  from  the  end. 
Both  ends  are  then  tapered  down  so  that  the  area  is  approxi- 
mately an  inch  square.  A  suitable  countersunk  depression  i- 
then  made  to  receive  the  rivet  head  at  each  end  of  the  bar;  one 
may  also  be  placed  on  the  side  of  the  bar  about  an  inch  from 


Fig.  460. — Driving  Shaft  and  Universal  Joints  of  Winch  Drive 

Mechanism. 


the  end.  This  will  permit  the  use  of  the  same  bar  in  corners  as 
well  as  on  rivets  so  placed  that  the  length  of  the  bar  does  not 
prevent  it  being  held  against  the  rivet  heads.  Two  men  arc 
required  to  do  a  good  job  of  riveting,  one  to  manipulate  the 
riveting  hammer,  the  other  to  hold  the  bar  up  against  the  rivet 
and  absorb  the  impact  of  the  hammer.  If  the  frame  members 
are  very  loose  it  indicates  that  the  rivets  have  become  reduced 
in  diameter. and  partially  sheared.  In  cases  of  this  kind  nothing 
will  be  gained  by  peening  the  rivet  heads  over  more.  The  only 
safe  remedy  is  to  chip  off  the  rivet  heads  with  a  sharp  cold 
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chisel  and  then  knock  them  out  of  the  holes  with  a  steel  drift. 
The  holes  are  then  drilled  to  the  next  larger  standard  rivet  size 
and  new  rivets  secured.  These  are  usually  of  Norway  iron,  and 
should  be  heated  to  a  red  heat  in  a  gas  or  coal  forge  before  being 
headed  up. 

The  frame  side  members  sometimes  sag  after  the  car  has  been 
used  for  a  period,  especially  if  it  is  operated  at  high  speeds  over 
rough  roads,  or  in  the  case  of  a  motor  truck  that  has  been  made 
to  carry  overloads.  A  weak  channel  section  member  of  this 
character  can  be  made  stronger  by  either  of  two  methods.  It 
may  be  reinforced  by  a  plate  riveted  to  the  interior  or  it  may  be 
trussed  by  truss  bar  and  turnbuckle  arrangement.  Sometimes  a 
plate  is  added  to  both  inside  and  outside  of  the  frame  and  the 
whole  held  together  by  rivets  or  bolts. 

Muffler  Should  be  Taken  Apart. — A  part  of  the  chassis  that  is 
often  overlooked  in  the  overhauling  and  one  that  has  material 
influence  on  the  power  output  of  the  motor  is  the  device  used 
for  muffling  the  sound  of  the  exhaust.  The  internal  construction 
of  mufflers  varies  widely,  some  consisting  only  of  simple  cham- 
bers connected  together  to  form  a  labyrinth  for  the  gas  passage 
and  reduce  the  noise  by  breaking  up  the  volume  and  allowing  the 
gas  to  expand  before  it  reaches  the  air,  to  more  complicated 
forms  having  a  large  number  of  baffle  plates  or  partition  walls 
pierced  with  numerous  small  holes.  The  most  effective  and 
silent  type  of  muffler  is  generally  the  one  that  will  give  trouble 
first.  It  is  important,  therefore,  to  take  the  muffler  apart  and 
clean  out  all  accumulations  of  soot  or  burnt  oil  that  may  clog 
up  the  gas  passages.  Mufflers  are  easily  taken  apart,  usually 
heing  held  together  by  long  through  bolts  in  those  forms  where 
the  muffler  consists  of  a  number  of  cylindrical  shells  of  varying 
diameter  held  between  cast  end  plates  used  to  support  the  shell. 
Even  in  forms  where  a  large  number  of  chambers  are  provided, 
these  being  adjacent,  the  muffler  is  held  together  by  bolts  or  by 
i>eing  assembled  on  a  central  member,  usually  a  continuation  of 
the  exhaust  pipe.  After  the  muffler  is  taken  apart  all  carbon 
and  burnt  oil  residue  should  be  scraped  off  and  all  the  parts  of 
the  muffler  thoroughly  cleaned  with  kerosene  before  assembling. 
It  is  also  well  to  go  over  all  the  holes  designed  to  break  up  the 
#as  with  a  sharp  punch  or  fine  taper  reamer  to  make  sure  that 
these  have  not  been  reduced  to  less  diameter  than  they  should 
be  by  accumulations  of  burnt  oil  or  carbon. 
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THE  ELECTRIC  TRUCK  CONSTRUCTION 

Features  of  Electric  Trucks — The  Couple-Gear  Construction — Features 
of  Couple-Gear  Gas  Electric — Commercial  Electric  Trucks — Elimi- 
nation of  the  Differential  Gear — Rear  Construction  of  Commercial 
Trucks — Four  Wheel  Drive  Advantages — Motor  Wheel  Assembly. 
Internal  Gear  Drive — Battery  Compartment  Location — Proportion 
of  Battery  Compartment — Controller  of  Commercial  Trucks — Com- 
mercial Truck  Specifications — Walker  Balanced  Drive  Truck — Bat- 
teries for  Electric  Trucks — Motors  for  Electric  Automobiles — Elec- 
tric Vehicle  Controllers  —  General  Electric  Controllers  —  General 
Electric  Continuous  Torque  Controller — Controller  Wiring  Diagram 
— Resistance  Grids — Connections — Westinghouse  Vehicle  Motors — 
Westinghouse  Vehicle  Motor  Performance — General  Electric  Vehicle- 
Motors— Magnet  Frame-Bearing  Head  and  Bearings— General  Elec- 
tric Commutators  and  Brush  Holders — Connections — Truck  Motor? 
and  Battery  Arrangement — Faults  in  Motors  and  Their  Corrections 
—Electrical  Terms  Defined— The  Volt— The  Ohm— The  Ampere- 
The  Watt. 

Electric  trucks  have  many  parts  in  common  with  gasoline 
trucks  as  relates  to  the  frame  and  running  gear  components,  but 
instead  of  a  gasoline  motor  and  its  auxiliaries,  a  clutch  and 
change  speed  gearing,  the  power  plant  is  simplified  to  a  lan:? 
storage  battery  and  one  or  more  electric  motors.  The  control 
of  the  electric  truck  is  different,  as,  while  the  steering  gear  is 
practically  the  same  as  on  the  gas  truck,  there  is  no  clutch  pedal 
or  gear-shifting  lever.  The  motor  speed  is  varied  through  a  con- 
troller which  couples  the  motor  windings  and  storage  batteries 
in  various  combinations,  to  be  explained  later,  which  will  give 
high  power  at  low  motor  speed  or  increase  the  speed  without 
increasing  the  motor  power. 

In  some  forms,  the  motor  is  carried  by  the  frame  and  power 
is  transmitted  from  the  armature  shaft  to  a  rear  axle  of  tin- 
type ordinarily  used  on  gasoline  trucks  by  a  universally  jointed 
propeller  shaft.  This  one  motor  construction  is  not  only  found 
on  trucks  of  light  capacity,  as  the  Ward  one-ton  job  shown  at 
Fig.  461,  but  also  on  trucks  of  larger  capacity,  as  in  the  Landsen 
five-ton  shown  at  Fig.  462.    In  this,  a  single  motor  is  attached  to 
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a  jackshaft,  which  in  turn  transmits  the  power  to  the  rear  wheels 
by  chain  connection,  just  as  in  a  double  chain  drive  gasoline 
truck.  In  other  trucks  one  motor  is  attached  to  the  center  of 
the  rear  axle,  as  in  the  Walker  one  motor  may  be  used  to  drive 
each  rear  wheel,  as  in  the  Commercial  Truck  Co.  models,  or  in 
all  four  wheels,  as  in  the  Couple  Gear  trucks,  one  model  of 
which  is  shown  at  Fig.  462.    The  battery  location  is  the  same 


Fig.  461. — Diagrams  Showing  Construction  of  Ward  1-Ton  Electric 

Truck. 


on  nearly  all  trucks,  i.e.,  underslung  at  the  frame  center  between 
front  and  rear  axles. 

Features  of  Electric  Trucks. — First :  Extremes  of  weather  have 
no  effect  on  the  mechanism  either  from  overheating  in  the  sum- 
mer or  danger  of  freezing  in  the  winter,  though  the  battery  ca- 
pacity is  reduced  in  cold  weather.  Second :  An  electric  truck 
may  be  garaged  in  any  type  of  building  and  can  be  used  in  ware- 
houses or  in  docks  and  around  all  factories  or  vards  where  rire 
prevention  regulations  prohibit  the  gasoline  truck.  Third:  In 
the  transporting  of  ice,  produce,  munitions  or  other  similar  type 


766 


The  Motor  Truck 


Countershaft* 


Traction 
Wheeh  ' 


Dual  Tire 


Side  Cham  Drive* 


■Countershaft 


'Directive  Wheels 

LANSDEN 

5- Ton 


Controller 


Electric 
Mo  tor 


Steering  Wheel 


Side  Chgin  ' 


Steering 
Wheel  ■ 

Brake  Pedal 


Plan  View 


-  Con  t roller  Handle 

''Controller  Box 
Battery  Compartment, 


■Steel  Frame 


Combined  Driving  and  ~- 
Steenng  Wheels 


Side  Elevation 


COUPLE -GEAR 
Mod«l-AC 
5-Ton 


Plan  View 


Fig.  462.— Typical  Large  Capacity  Electric  Motor  Trucks. 

of  merchandise  it  is  imperative  that  there  shall  be  no  excess  heat 
or  odor,  and  in  case  of  explosives  the  fire  hazard  from  explosions 
in  mufflers  or  backfiring  is  extremely  dangerous.  For  this  class 
of  work  the  electric  truck  surpasses  all  other  forms  of  transpor- 
tation.   Fourth:  It  is  claimed  that  trained  horse  wagon  drivers 
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may  be  converted  into  excellent  electric  truck  drivers  in  a  day. 
Women  are  driving  electric  trucks  in  many  parts  of  the  world. 

The  Couple-Gear  Construction. — Couple-gear  vehicles  are  sup- 
plied with  one  or  more  driving  wheels,  as  may  be  required  to 


r 


Fig.  463. — Couple  Gear  Straight  Electric  Truck  Shown  at  A.  Com- 
bination Gas-Electric  Truck  Shown  at  B. 


easily  handle  the  desired  loads.  Load  capacities  range  from  one 
to  fifteen  tons.  The  following  advantages  are  advanced  for  this 
construction,  which  is  to  be  described  in  detail,  by  the  manufac- 
turers, the  Couple  Gear  Freight  Wheel  Co.,  Grand  Rapids,  Mich. 
Two  forms  of  these  trucks  arc  shown  at  Fig.  463.  That  at  A  is 
the  four-wheel  drive  and  steer  straight  electric  drive:  that  at  B 
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is  the  gas-electric  form.  The  following  features  are  claimed  by 
the  manufacturers: 

A  higher  transmission  efficiency  than  has  ever  before  been  pos- 
sible. Four-wheel  drive  is  easily  and  naturally  accomplished 
with  the  Couple-gear,  because  the  motor,  driving  gears  and  wheel 


Fig.  464. — Couple-Gear  Front  Drive  Trucks  Permit  Using  Bodies  that 
Could  Not  Be  Employed  on  Gasoline  Trucks. 

are  one  complete  unit  and  can  be  turned  at  any  angle  for  steer- 
ing without  interfering  with  most  efficient  operation.  Steering 
from  the  four  wheels  is  also  a  natural  result  of  the  Couple-gear 
motor  wheel  construction,  because  the  added  parts  to  bring  it 
about  are  few  and  simple.  This  makes  it  possible  to  steer  the 
car  equally  as  well  in  either  direction,  and  effecting  a  considera- 
ble saving  on  rubber  tires  and  their  fastenings  by  relieving  side 
strains  in  turning  corners  and  because  of  the  fact  that  skidding 
is  practically  avoided.    Brakes  on  all  four  wheels  are  a  natural 
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sequence  of  driving  and  steering  from  the  four  wheels  and 
greatly  lessens  the  danger  of  accident.  Four  Motor  Control  gives 
five  speeds  forward  and  five  speeds  reverse  with  the  most  effi- 
cient series-parallel  arrangement.  Couple-Gear  machines  all  de- 
velop the  highest  speeds  compatible  with  safe  and  economical 
operation.  Motors  and  driving  gears  are  in  the  most  accessible 
position  possible,"  and  are  conveniently  inspected  and  oiled 
through  doors  in  the  wheel's  sides,  which  fit  dust  and  water- 
tight. Motor-wheels  are  interchangeable,  as  are  also  all  parts  of 
which  they  are  composed.    A  sufficient  gear  reduction,  due  to 


Fig.  465. — Couple-Gear  Front  Drive  Truck  with  Dumping  Type  Body. 


the  "Couple-gear"  arrangement,  to  enable  the  car  to  start  easily 
without  causing  a  heavy  rush  of  current  and  also  to  enable  the 
car  to  operate  sufficiently  slow  to  pull  through  deep  sand,  snow 
or  mud  without  overloading  the  motors  beyond  a  safe  and  prac- 
tical limit.  This  insures  long  life  for  all  electrical  parts.  Haul- 
ing trailers  is  practical  and  is  a  common  practice  with  Couple- 
Gear  Four-Wheel-Drive  Trucks.  In  this  way  the  possible  load 
on  a  single  trip  is  double  and  sometimes  triple  the  normal  ca- 
pacity of  the  machine.  Four-wheel  steering  adds  to  the  con- 
venience of  the  machine  as  a  tractor.  (Couple-Gear  Five-Ton 
Trucks  are  sometimes  used  to  great  advantage  for  switching 
railway  freight  cars  and  have  been  sold  for  this  special  purpose.) 

The  use  of  Couple-Gear  front  driving  sets  enables  the  oper- 
ator to  use  the  type  of  after-construction  best  suited  to  his  needs. 
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The  "low-down"  type  of  wagon  shown  at  Fig.  464,  A,  is  espe- 
cially desirable  in  the  western  and  southern  districts,  and  an 
giving  results  that  are  most  pleasing.  Then  again  special  bod> 
types  may  be  easily  fitted,  as  shown  at  Fig.  464,  B,  and  Fig.  465 
Features  of  Couple-Gear  Gas-Electric. — The  Gas-Electric  ha> 
no  starting  clutch,  no  long  shafts  or  countershafts  with  their 
hearings,  no  change  speed  gears,  no  differential  gear,  no  sprock- 
ets or  chains  or  live  rear  axle  with  its  friction  surfaces.  The 
functions  of  all  these  parts  are  performed  in  the  Gas-Electric  by 
the  generator,  wiring,  driving  motors  and  "Couple-gear."  The 
total  efficiency,  including  the  electrical  losses,  averages  higher 


Fig.  466. — Special  Axle  Construction  Used  on  Couple-Gear  Trucks. 


than  it  is  possible  to  secure  by  the  best  design  of  mechanical 
transmission  for  this  class  of  work,  while  the  mechanical  losses, 
aside  from  those  of  the  engine,  are  nearly  all  eliminated.  Me- 
chanical losses  are  represented  by  wear  of  mechanical  part>. 
while  electrical  losses  are  all  dissipated  in  heat  at  low  tempera 
tures  and  cause  no  wear  or  depreciation  whatever.  The  ran^t 
of  speed  is  from  zero  to  full,  with  a  perfect  graduation,  and  the 
car  can  be  operated  efficiently  and  continuously  at  the  speed  best 
suited  to  the  immediate  road  and  load  conditions.  Also,  the  en- 
gine can  be  run  at  the  best  speed  for  the  work  which  it  is  per- 
forming, regardless  of  the  speed  of  the  car,  and  this  desirable 
condition  is  largely  automatic.  The  ample  leverage  of  the 
"Couple-Gear"  makes  starting  easy,  and  consequently  it  is  never 
necessary  to  race  the  engine.   The  acceleration  is  very  rapid  and 
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absolutely  smooth.  There  are  no  sudden  shocks  whatever,  either 
in  starting  or  changing  from  one  speed  to  another,  and  because 
of  this  fact  there  is  a  substantial  saving  in  the  maintenance  of 
the  engine  and  every  part  of  the  machine. 

Combination  Gasoline-Electric  Drive. — One  of  the  great  ad- 
vantages of  the  electric  automobile  outside  of  its  silence  and 
smooth  operation  is  the  ease  with  which  the  speed  and  power 
may  be  controlled.  On  the  true  gasoline  type  it  is  necessary  to 
shift  gears  in  order  to  obtain  various  speed  changes,  and  unless 
this  gear  shifting  is  very  carefully  done  it  may  be  possible  to 
damage  the  transmission  and  also  to  impose  shocks  on  the  en- 
tire mechanical  structure,  due  to  too  sudden  engagement  of 
driving  gearing  or  clutches.  While  this  defect  is  not  serious 
enough  to  be  a  disadvantage  of  moment,  at  the  same  time  it  is 
evident  that  the  operator  of  a  gasoline  car  must  be  very  compe- 
tent and  thoroughly  familiar  with  the  manipulation  of  the  speed- 
changing  and  clutch-control  levers.  The  various  speeds  in  an 
electric  truck  are  obtained  by  a  simple  movement  of  a  controller 
handle,  without  shock  or  jar,  because  electric  current  is  used  for 
propulsion.  This  makes  it  possible  for  ordinary  drivers  to  con- 
trol the  vehicle,  because  it  does  not  require  any  special  skill  to 
move  the  controller  handle,  whereas  it  does  take  practice  and 
experience  to  properly  manipulate  a  sliding  gear  transmission 
and  clutch. 

There  are  some  disadvantages  to  the  application  of  electric 
power  alone,  and  it  seems  to  be  the  general  opinion  of  engineers 
all  over  this  country  and  in  Europe  that  gas  power  is  more  suited 
for  commercial  work  than  is  electric  power,  if  the  latter  is  derived 
solely  from  storage  batteries.  An  electric  vehicle  depending 
upon  stored  energy  is  not  capable  of  the  speed  that  can  be  made 
with  a  gasoline  engine  as  a  power  plant.  The  range  or  radius  of 
action  of  the  average  electric  battery  is  apt  to  be  somewhat  lim- 
ited, and  one  might  easily  imagine  a  condition,  especially  in  a 
city  or  town  of  any  size,  where  enough  distance  might  be  covered 
in  the  course  of  a  day  to  prevent  proper  charging  of  the  storage 
battery,  and  this,  of  course,  would  result  in  diminished  efficiency 
as  the  battery  charge  became  depleted.  The  writer  does  not 
mean  to  imply  that  electric  power  derived  from  a  storage  bat- 
tery is  impractical.  On  the  contrary,  many  very  efficient  motor 
trucks  are  propelled  by  this  power. 

An  ideal  combination  in  which  the  main  advantages  of  both 
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gas  and  electric  power  are  obtained  is  the  combination  of  gaso- 
line-electric system  in  which  the  prime  mover  is  a  gasoline  motor 
which  delivers  its  power  to  an  electric  generator  instead  of  to 
the  usual  form  of  gear  transmission.  With  this  combination 
one  is  obliged  to  obtain  a  large  radius  of  action,  inasmuch  as 
the  gasoline  engine  may  be  operated  continuously  as  long  as  the 
supply  of  gasoline  and  oil  is  adequate,  and  by  the  use  of  the 
electric  power  to  turn  the  wheels  one  is  enabled  to  gain  the  main 
advantages,  namely,  easy  control  and  simplicity  of  operation, 
that  would  be  obtained  in  electric  automobiles. 

The  Couple-Gear  system  is  a  well-known  method  of  utilizing 
electricity  as  a  means  of  speed  changing  and  power  transmission 
with  a  gasoline  engine  as  a  prime  mover  that  supplies  electrical 
energy  by  driving  a  dynamo  attached  directly  to  the  crankshaft. 
The  general  arrangement  of  parts  of  the  power  plant  is  depicted 
at  Fig.  467.  The  gasoline  engine  and  the  dynamo  it  drives  are 
attached  to  a  subframe  member,  so  the  power  plant  complete  is 
a  unit  that  may  be  readily  installed  on  the  main  frame  of  the 
chassis. 

The  distinctive  feature  of  the  Couple-Gear  system  is  the 
method  of  mounting  the  wheel-driving  motors  between  the  two 
members  comprising  the  wheel.  One  motor  is  attached  inside 
of  each  driving  wheel,  as  shown  at  Fig.  468.  The  motor  frame 
is  attached  to  a  carrier  member  integral  with  the  wheel  spindle 
and  drives  the  wheel  through  two  beveled  pinions  at  the  ends  of 
the  armature  shaft,  one  of  which  meshes  with  a  bevel  drive  cir- 
cular rack  or  driving  gear  at  one  side  of  the  wheel,  while  the 
other  pinion  engages  a  gear  of  corresponding  size  on  the  other 
side  of  the  wheel.  At  Fig.  468  one  side  of  the  wheel  is  taken 
off  so  the  construction  of  the  wheel-driving  motor  and  the  ar- 
rangement of  the  driving  gearing  may  be  readily  ascertained. 
The  illustration.  Fig.  469,  shows  a  front  view  of  the  wheel  with 
the  rim  removed  to  show  the  manner  in  which  bevel  pinion  A 
drives  bevel  rack  A,  while  the  bevel  pinion  B  is  in  mesh  with 
the  bevel  rack  B.  The  wheel  spindle  which  projects  from  one 
side  of  the  wheel  fits  a  corresponding  taper  hole  in  a  steering 
knuckle  of  suitable  form,  which  makes  it  possible  to  incline  the 
wheel  as  desired  for  steering  without  interrupting  the  continuity 
of  the  drive.  The  Couple-Gear  system  is  sold  in  two-  and  four- 
wheel  units,  and  where  four  wheels  are  used,  all  four  members 
combine  directive  and  tractive  functions.    The  two-wheel  type 
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is  in  the  nature  of  a  tractor  that  is  intended  to  be  attached  to  the 
front  portion  of  the  frame  of  any  heavy  vehicle,  such  as  fire 
apparatus. 

The  Couple-Gear  system  is  well  adapted  to  fire  apparatus,  as 
shown  at  Fig.  470,  because  it  can  be  fitted  to  existing  forms  of 
horse-drawn  equipment,  as  shown  at  A,  which  shows  a  Couple- 
Gear  tractor  fitted  to  a  steam  fire  engine.  The  illustration  at 
B  shows  an  aerial  truck  similarly  equipped.  A  special  form  of 
turntable  and  hoist  is  used  to  raise  and  lower  the  ladder  and 


Pig.  469. — Front  View  of  the  Couple-Gear  Wheel,  with  Tire  and  Rim 
Removed  to  Show  Method  of  Driving  by  Bevel  Pinions  and  Racks. 
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also  turn  it  around  as  needed.  The  construction  of  this  equip- 
ment is  shown  at  Fig.  471.  The  turntable  is  of  standard  type. 
The  circles  are  forged  and  turned  from  high  carbon  steel ;  the 
upper  ring  is  carried  on  seven-eighths-inch  steel  balls.  The 
hoist  is  the  Dahill  compressed  air  type,  liquid  controlled,  and 
consists  of  three  seven-inch  cylinders  with  pistons  and  rods. 
These  cylinders  are  connected  by  trunnion  to  the  turntable  and 
have  free  oscillating  movement.  The  outer  end  of  piston  rods 
are  connected  by  trunnion  to  the  main  ladder.  Opening  one  valve 
permits  compressed  air  to  flow  freely  into  the  bottom  of  the  two 
outer  cylinders.  The  center  cylinder  is  filled  with  oil  and 
equipped  with  bipass  and  air  chamber  in  combination.  The 
opening  given  the  valve  in  the  bipass  piping  regulates  the  speed 
at  which  the  ladder  is  elevated.  The  check  valve  in  bipass  line 
automatically  locks  the  ladder  in  position  when  the  air  is  cut  off. 
Air  tank  and  motor  driven  compressor  are  carried  at  rear  of 
chassis  frame.  One  man  using  only  one  hand  raises  and  lowers 
the  ladder  at  will. 

Commercial  Electric  Trucks. — The  electric  trucks  made  by  the 
Commercial  Truck  Company  of  America  are  of  the  two-motor 
drive  type,  for  which  they  claim  the  following  advantages :  The 
two-motor  drive  permits  of  a  series  parallel  control  which  elimi- 
nates a  large  part  of  the  resistance  necessary  where  a  single- 
motor  drive  is  used.   This  results  in  considerably  less  waste  of 
current  when  accelerating  the  vehicle.    In  addition,  the  two- 
motor  equipment  permits  of  a  system  of  control  that  provides 
for  running  the  motors  in  series,  and  results  in  a  very  efficient 
low  speed  running  point,  which  is  most  advantageous  in  con- 
gested streets,  whereas  with  the  single-motor  drive  it  is  neces- 
sary to  waste  power  through  resistance  when  traveling  at  low 
speed.    The  two-motor  equipment  also  permits  of  the  very  effi- 
cient type  of  spur  gear  drive  illustrated,  which  is  not  possible 
with  a  single-motor  equipment.   The  above  features  are  said  to 
result  in  greater  mileage  with  the  same  battery  capacity. 

Elimination  of  the  Differential  Gear. — In  addition  to  the  fact 
that  the  elimination  of  the  differential  gear  makes  a  much  simpler 
construction,  there  is  the  decided  advantage,  especially  under 
winter  conditions,  of  better  traction.  With  the  single-motor 
drive  with  differential  gear  the  traction  that  can  be  exerted  by 
either  wheel  is  limited  to  the-  amount  that  the  wheel  with  the 
poorest  adhesion  can  exert  without  slipping,  whereis.  with  the 
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two-motor* drive,  each  wheel  is  a  separate  and  independent  power 
unit,  and  if  one  wheel  has  good  traction  it  will  exert  its  full 
effort,  although  the  other  wheel  may  be  slipping. 

The  spur  gear  is  undoubtedly  the  most  reliable,  most  efficient 
and  most  durable  form  of  speed-reducing  device,  where  condi- 
tions are  favorable  for  its  use  and  where  they  are  properly 


A 

(jntroUei 


Fig.  472. — Commercial  Electric  Truck  Types. 

mounted,  lubricated  and  protected  from  grit,  all  of  which  features 
— and  some  additional  features  of  value — have  been  properly 
taken  care  of  in  the  driving  mechanism  of  these  trucks,  as  will 
be  evident  from  the  following  description : 

Rear  Construction. — Concentric  gear  cases  of  crucible  steel, 
mounted  between  two  axle  members,  are  secured  by  heavy  inte- 
gral keys  and  bolts.  The  rear  springs  are  seated  on  the  top  of 
the  gear  cases,  and  the  extension  of  the  case,  which  is  made  of 
a  die-forged,  heat-treated  alloy  steel,  forms  the  axle  spindle.  The 
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motor  is  bolted  to  the  inner  side  of  the  gear  cases  in  a  fixed 
position  and  in  line  with  the  axle.  The  armature  pinion,  which 
is  made  of  a  high-grade  alloy  steel  and  case  hardened,  engages 
three  case-hardened  spur  gears,  which  are  carried  by  studs 
mounted  integral  with  the  driving  shaft.    The  pinions,  which 


Drive  Pinion 
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Fig.  473. — Driving  Gearing  of  Commercial  Electric  Trucks. 

are  made  integral  with  these  intermediate  gears,  as  shown  by 
illustration,  engage  a  single  internal  gear,  which  is  pressed  into 
and  keyed  to  the  gear  case,  as  shown  at  Fig.  473.  The  driving 
shaft  passes  through  the  axle  spindle  and  connects  with  the  outer 
end  of  the  wheel  hub  through  the  hub  cap,  which  is  made  of 
heavy  steel.   The  driving  shaft  has  no  bearing  in  the  axle  spindle, 
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the  driving  gears  and  driving  shaft  being  supported  and  held 
in  proper  position  in  the  following  manner:  The  double  interme- 
diate gear  has  a  cylindrical  extension  formed  on  its  inner  end 
exactly  equal  to  the  pitch  diameter  of  the  small  gear.  A  cylin- 
drical track  is  formed  in  the  motor  head,  the  diameter  of  which 
is  equal  to  the  pitch  diameter  of  the  internal  gear.    It  will  thus 


Fig.  474. — Internal  Gear  Drive  Axle  of  Commercial  Electric  Truck. 


he  seen  that  the  three  bearings  form  a  perfect  rolling  support  for 
the  inner  end  of  the  driving  system. 

Four  Wheel  Drive  Advantages. — Tn  the  development  of  light 
and  medium  capacity  power  vehicles,  the  practically  universal 
system  of  driving  with  the  rear  wheels  has  met  with  general 
success.  But  on  heavy  trucks,  when  loads  to  be  carried  exceed 
5.000  to  6,000  pounds,  and  which  arc  to  be  used  at  times  under 
severe  service  conditions,  the  limitations  of  this  system  are  a 
serious  obstacle  to  complete  success. 
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This  is  due  to  the  fact  that  only  a  limited  amount  of  the  total 
weight  can  be  carried  on  the  driving  wheels,  with  the  result  that 
when  streets  are  covered  with  ice  or  blocked  with  snow,  or 
when  heavy  grades  are  encountered,  lack  of  sufficient  tract;  ] 
will  frequently  cause  delays  and  may  even  make  it  necessary  to 
call  for  help.  Traction  chains  or  other  devices  are  used  to  in- 
crease the  grip  on  the  road,  but  they  are  far  from  satisfactory, 
as  they  do  not  always  stand  up  on  heavy  high-speed  trucks  and 
unless  very  carefully  fitted  they  increase  the  wear  and  tear  on 
the  truck,  decrease  the  life  of  tires  and  are  a  source  of  delay 
when  they  break  in  service. 

Thus  it  has  long  been  recognized  that  for  heavy  hauling  under 
severe  conditions,  the  four-wheel  drive  is  desirable  and  neces- 
sary, if  the  truck  is  to  be  depended  upon  to  do  its  quota  of  work 
at  all  times,  regardless  of  grades,  roads,  or  weather  conditions 

Motor  Wheel  Assembly,  Internal  Gear  Drive. — The  motor, 
which  is  a  standard  truck  type,  series  wound,  with  a  cylindrical 
steel  frame,  is  carried  in  a  high-grade  crucible  steel  casing.  The 
casting  is  accurately  bored  to  a  size  that  will  allow  the  mow 
to  be  slipped  in  place  freely  up  to  a  definite  shoulder,  the  ca*< 
being  split  part  way  around  and  horizontally,  so  that  by  tighten 
ing  up  a  heavy  bolt  through  lugs  cast  on  this  part  of  the  cast, 
the  case  is  securely  clamped  around  the  outside  of  the  motor 
The  motor  is  thus  easily  removable  without  disturbing  anv  othei 
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part  of  the  construction,  as  clearly  shown  at  Fig.  474. 

The  gearing  between  the  motor  and  wheel  consists  of  strain- 
spur  gears  of  ample  proportions  to  do  the  work.  The  first  pinion 
is  made  of  alloy  steel  and  case  hardened,  and  is  mounted  directly 
on  the  tapered  armature  shaft  with  a  key.  The  double  interne 
diate  gear  is  carried  by  a  roller  bearing  on  an  intermediate  stnu 
which  is  case  hardened  and  ground,  the  stud  being  supported 
in  the  same  casting  which  carries  the  motor.  The  teeth  and  bore 
of  the  intermediate  pinion  are  case  hardened  and  ground.  The 
intermediate  pinion  engages  an  internal  gear  mounted  directly 
on  the  wheel  hub.  The  outside  surface  of  the  internal  gear  forms 
a  brake  drum.  The  axle  spindle  is  so  constructed  as  to  form 
an  extension  of  the  gear  and  motor  case,  the  spindle  being 
approximately  in  line  with  the  center  of  the  motor. 

Battery  Compartment. — As  shown  by  illustration  at  Fig.  472. 
A  and  B,  the  battery  is  carried  in  a  compartment  at  approxi- 
mately the  center  of  the  truck.    There  are  a  number  of  advan- 
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tages  of  the  underslung  battery,  among  which  may  be  mentioned 
the  following:  To  obtain  the  best  all-round  results,  including 
traction  and  tire  life,  the  weight  distribution  between  the  front 
and  reamvheels  should  be  as  nearly  uniform  as  possible,  whether 
loaded  or  empty.  This  can  only  be  obtained  with  the  battery 
at  approximately  the  center  of  the  truck. 

It  is  evident  that  with  a  low  center  of  gravity  there  is  less 
tendency  when  turning  corners  for  the  weight  to  be  thrown  from 
the  inside  to  the  outside  wheels,  and,  therefore,  less  tendency 
to  skid.  The  underslung  battery  makes  the  shortest  possible 
truck,  which  is  not  only  an  advantage  in  traffic  as  it  permits 
turning  in  narrow  places,  and  takes  up  less  space  in  the  garage. 


Fig.  475.— Fleet  of  Walker  Trucks. 


Where  there  are  a  number  of  trucks  in  a  garage  this  is  a  decided 
advantage.  In  a  properly  equipped  garage  the  batteries  are  all 
flushed  at  one  point  and  it  is  not  necessary  to  leave  any  space 
between  trucks  for  this  purpose. 

Proportions  of  Battery  Compartment. — On  account  of  motors 
and  driving  gears  all  being  concentrated  in  the  front  and  rear 
constructions,  ample  room  is  available  for  a  battery  compartment 
that  is  relatively  long  and  narrow,  which  is  important  both  from 
the  standpoint  of  appearance  and  service,  as  the  compartment 
l>uilt  in  this  way  is  well  inside  of  the  wheels  and  not  subject 
to  collision  and  damage  from  other  vehicles. 

Controller. — The  controller  is  of  Commercial  Truck  Company 
of  America  special  design,  continuous  torque  drum  type,  mounted 
on  the  chassis,  and  as  shown  by  illustrations  Fig.  472,  A  and  B, 
forms  the  base  of  steering  mast.  Its  position  places  it  in  the 
most  desirable  location  for  inspection.    The  contact  segments 
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are  secured  to  metal  hubs  by  countersunk  machine  screws  and 
can,  when  necessary,  be  removed  in  a  few  minutes  with  no  other 
tool  than  a  screw-driver.  If  desirable,  the  whole  drum  can  be 
taken  out  through  the  top  of  the  controller  case  by  removing 
the  top  cap. 

The  controller  gives  four  speeds  forward  and  two  reverse, 
making  acceleration  smooth,  with  no  sudden  -jerks  or  strains  on 
gearing  and  tires.  Efficiency  and  smoothness  of  acceleration  is 
further  assured  by  the  series  parallel  control  of  motors,  which  is 
dependent  in  a  very  small  degree  on  resistance.  This  is  very 
important,  particularly  where  there  is  much  traffic  and  frequent 
starting  and  stopping,  the  series  parallel  position  making  a  very 
efficient,  no-resistance,  low-speed  running  point. 

Commercial  Truck  Specifications. — The  specifications  of  vari- 
ous models  of  the  Commercial  Truck  Company  of  America  which 
follow  show  how  the  various  motors  and  batteries  vary  in  truck? 
of  different  capacity.  Many  of  the  details  of  construction  arc 
the  same  in  all  models.  The  one-half  ton  truck  has  the  following 
characteristics:  Load,  1,000  pounds.  Seating  capacity,  bus,  8 
passengers.  Speed,  13  miles  per  hour;  bus,  16  miles  per  hour. 
Mileage,  40  to  60,  depending  on  battery  equipment  and  condi- 
tions. Battery :  Edison.  60  cells,  type  A  5 ;  Ironclad  Exide.  42 
cells,  9  plates  per  cell :  thin  plate  type,  42  cells,  13  plates  per  cell. 
Tires,  3  x  36-inch  front.  3  x  36-inch  rear.  Motors:  Two  General 
Electric  Company's  12-ampere,  85  volt  for  lead  battery:  17-am- 
pere,  60-volt  for  Edison  battery. 

iThe  one-ton  model  has  the  following  features:  Load,  2,000 
pounds.  Seating  capacity,  bus,  12  passengers.  Speed,  12  miles 
per  hour;  bus,  15  miles  per  hour.  Mileage,  40  to  60.  depending 
on  battery  equipment  and  conditions.  Battery:  Edison,  60  cells, 
type  A  6;  Ironclad  Exide,  42  cells,  11  plates  per  cell;  thin  plate 
type,  42  cells,  17  plates  per  cell.  Motors:  Two  General  Electric 
Company's  16-ampere,  85-volt  for  lead  battery;  22-ampere,  60- 
volt  for  Edison  battery.  Tires,  3>J/2  x  36-inch  front,  4  x  36-inch 
rear. 

The  two-ton  model  has  the  following  specifications:  Load. 
4.000  pounds.  Seating  capacity,  bus,  24  passengers.  Speed.  10 
miles  per  hour;  bus,  14  miles  per  hour.  Mileage,  35  to  55.  de- 
pending on  battery  equipment  and  conditions.  Battery:  Edison. 
60  cells,  type  A  8;  Ironclad  Exide,  42  cells,  15  plates  per  cell: 
thin  plate  type,  42  cells,  21  plates  per  cell.    Motors:  Two  General 
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Electric  Company's  22-ampere,  85-volt  for  lead  battery ;  32-am- 
pere,  60-volt  for  Edison  battery.  Tires.  4  x  36-inch  front ;  4  x  36- 
inch  dual  rear. 

The  following  specifications  apply  to  all  models  previously 
enumerated:  Gearing,  concentric  type;  double  reduction  spur 
direct  to  wheels;  completely  enclosed  and  running  in  oil.  Axles: 
Front,  rectangular  box  section ;  rear,  full  floating  type  with 
double  I-beam  section.  Bearings;  .Axle  bearings,  taper  roller; 
motor,  annular  type  ball.  Frame:  Channel  section,  trussed  and 
thoroughly  braced  with  gussets  at  corners  and  hot  riveted,  rivets 
being  electrically  heated.  Springs:  Silico-manganese  oil-treated 
steel.  Controller:  Continuous  torque  type  at  base  of  steering 
column;  four  points  forward,  two  reverse.  Brakes:  Internal  ex- 
panding. 

The  heavier  models  have  the,  following  features :  Three  and 
one-half  tons:  Load,  7,000  pounds.  Speed,  9  miles  per  hour. 
Mileage,  30  to  50,  depending  on  battery  equipment  and  condi- 
tions. Battery:  Lead,  42  cells;  27  thin-plate  type;  17  MY  Iron- 
clad-Exide ;  Edison,  60  cells,  type  A-10.  Motors :  Four,  85-volt, 
16-ampere  General  Electric  for  lead  battery;  four,  60-volt,  22- 
ampere  General  Electric  for  Edison  battery.  Tires:  Front,  3^ 
x  36-inch,  dual,  or  6  x  36-inch,  single ;  rear,  4  x  36-inch,  dual. 
Five-ton :  Load,  10,000  pounds.  Speed,  7  miles  per  hour.  Mile- 
age, 30  to  50,  depending  on  battery  equipment  and  conditions. 
Battery:  42  cells;  31  thin  plate  type;  21  MV  Ironclad-Exide ; 
Edison,  60  cells,  type  A-12.  Motors:  Four,  85-volt,  16-ampere 
General  Electric  for  lead  battery ;  four,  60-volt,  22-ampere  Gen- 
eral Electric  for  Edison  battery.  Tires :  Front,  4  x  36-inch,  duel, 
nr  7  x  36  inch,  single ;  rear,  5  x  36  inch,  dual. 

These  features  arc  found  in  both  the  three  and  one-half  and 
five-ton  models:  Gearing,  double  reduction  spur  gearing,  direct 
to  wheels,  completely  enclosed  and  running  in  a  heavy  lubricant. 
Bearings:  Timken.  taper  roller.  Controller:  Continuous  torque 
type  at  base  of  steering  column ;  four  points  forward,  two  re- 
verse. Brakes:  External  contracting,  faced  with  a  hard,  bent 
wood. 

Walker  Balanced  Drive  Truck. — This  is  similar  in  general 
features  of  construction  to  other  electric  trucks,  but  it  has  a  dis- 
tinctive method  of  rear  axle  construction  in  which  the  driving 
motor  is  built  in  and  drives  the  rear  wheels  by  means  of  inter- 
mediate spur  gears  which  transmit  the  power  from  the  armature 
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shaft  pinions  to  a  large  internal  gear  attached  to  the  wheel  rim. 
The  Walker  chassis  is  shown  at  Fig.  476,  the  view  of  the  rear 
axle  with  the  top  half  removed  at  Fig.  477  shows  how  the  motor 
field  poles  are  attached  to  the  axle  housing  castings.  The  brush 
carrier  is  fastened  to  the  top  half  of  the  housing,  as  are  two 
of  the  field  poles.  The  armature  shaft  is  hollow,  which  permits 
passing  the  long  axle  shaft  through  it  to  the  differential  gearing 
at  one  end  of  the  armature. 

The  phantom  view  at  Fig.  478  shows  clearly  the  method  of 
driving  the  wheels  and  the  arrangement  of  the  driving  pinions 


Pig.  477.— Motor  and  Axle  of  Walker  Balanced  Drive  Electric  Truck. 

on  axle  shafts  and  how  the  power  is  transmitted  through  the 
two  idlers  to  the  internal  gear.  As  considerable  difference  in 
diameter  exists  between  the  small  pinion  and  the  large  internal 
U'ear.  the  proper  driving  reduction  is  obtained  in  the  gearing. 
The  motor  and  axle  unit  is  very  compact  and  a  good  example 
■»f  electric  truck  engineering. 

Batteries  for  Electric  Trucks. — Any  practical  form  of  storage 
hattery  may  be  used  for  automobile  propulsion.  Either  the 
Kdison  or  lead-plate  type  batteries  prove  satisfactory  for  this 
work.  The  lead-plate  forms  have  thin  plates  to  keep  the  weight 
down  and  make  for  quicker  charging  and  discharging.  The 
usual  discharge  rate  is  about  two  volts  per  cell,  the  amperage 
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depending  upon  the  resistance  to  vehicle  motion.  It  is  said  that 
the  annual  maintenance  cost  of  the  ordinary  lead-plate  cell  is 
about  60  per  cent,  of  its  original  cost.  A  special  vehicle  type, 
called  the  "Iron  Clad,"  will  cost  about  30  per  cent,  of  its  initial 
purchase  price  annually  to  maintain  it  in  proper  condition.  The 
Edison  battery  occupies  about  one-third  more  space  than  a  lead- 
plate  battery  of  equal  capacity,  and  costs  about  two  and  one-half 
times  as  much,  but  it  is  said  to  retain  its  full  capacity  for  three 
or  four  years.    The  lead-plate  type  will  deliver  about  10  watt- 


Fig.    479.— Electrically   Propelled   Taxicab,   Having   Part   of  Storage 
Battery  Under  Hood  and  Part  Under  Rear  Seat. 


hours  per  pound  weight ;  an  Edison  battery  will  give  nearlv  14 
watt-hours  per  pound,  according  to  its  makers. 

The  usual  number  of  lead-plate  cells  provided  to  charge  from 
a  110-volt  circuit  is  forty-two  or  forty-four,  having  11,  13  or  15 
high-capacity  plates  per  cell,  while  60-cell  Edison  batteries  are 
supplied  to  meet  the  same  conditions.  The  battery  weight  of 
the  average  electric  vehicle  is  about  35  per  cent,  of  the  total 
unloaded  weight.  In  order  to  insure  a  rate  of  discharge  that  will 
not  injure  the  batteries,  electric  vehicles  are  usually  geared  f< »r 
moderate  speeds,  seldom  more  than  IS  to  20  miles  per  hour  for 
pleasure  or  passenger-carrying  cars  on  pneumatic  tires.  Heavy 
trucks  seldom  run  faster  than  6  to  9  miles;  medium  capacity 
commercial  vehicles  may  run  10  or  12  miles  per  hour.  A  number 
nf  electric  vehicle  makers  have  adopted  a  24-cell  battery,  using 
motors  wound  for  about  48  volts. 

Digitized  by  Google 


790 


The  Motor  Truck 


792 


The  Motor  Truck 


Motors  for  Electric  Automobiles. — The  motors  used  are  almost 
always  of  the  series- wound  type,  because  they  provide  more 
power  for  starting.  The  usual  pleasure-car  size  is  a  motor  of 
2  k.w.  rating,  or  about  2}i  horsepower.  Vehicle  motors  have  an 
overload  capacity  of  200  to  300  per  cent.,  though,  of  course,  this 
is  practical  for  only  relatively  short  periods  of  operation.  The 
speeds  are  controlled  by  different  combinations  of  the  motor 
field  windings.   The  power  provided  on  electric  trucks  is  much 


Fig.  482. — View  at  Left  Shows  Battery  Location;  at  Right  the  Con- 
troller Compartment  is  Opened  Jo  Show  Accessibility  of  Wiring. 


less  than  is  available  in  gas-engine  propelled  trucks,  as  specifi- 
cations previously  given  will  make  clear. 

Electric  Vehicle  Controllers. — In  some  electric  vehicles  the 
various  car  speeds  are  obtained  by  parallel  and  series  parallel 
combinations  of  the  battery  cells.  From  four  to  six  forward 
speeds  are  generally  provided,  a  simple  reversing  arrangement 
making  it  possible  to  have  the  same  number  of  reverse  speeds 
if  necessary,  though  this  is  not  always  done.  Another  scheme 
of  control  is  to  have  the  motor  field  windings  or  coils  so  wired 
that  they  may  be  put  in  series  or  in  parallel  groups.  A  resistance 
is  used  in  securing  the  first  speed  with  the  field  coils  in  series. 
The  second  speed  is  obtained  by  cutting  out  the  resistance  and 
leaving  the  fields  in  series.  Third  speed  is  obtained  by  shunting 
the  resistance  across  the  fields,  which  are  still  in  series.  The 
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fourth  speed  is  obtained  by  leaving  the  field  coils  in  parallel 
connection  and  with  resistance  out ;  the  fifth  speed  by  shunting 
the  resistance  in  with  the  parallel  connected  fields.  The  parallel 
connection  gives  greater  speed,  the  series  field  connection  more 
pulling  power.  A  typical  controller  and  its  parts  is  shown  at 
Fig.  483,  while  an  installation  at  the  front  of  the  truck  is  shown 
at  Fig.  482. 

The  character  of  the  control  to  be  used  on  an  electric  vehicle 
is  dependent  upon  the  class  of  service  to  which  it  is  to  be  sup- 
plied.   In  runabout  work  a  controller  is  required  which  will 


Fig.  483.— Typical  Electric  Vehicle  Speed  Controller  and  Resistance 

Grids. 

have  sufficient  number  of  speeds  forward  to  give  an  easy  accel- 
eration and  moderate  operating  speed  with  one  or  more  shunt 
speeds  for  spurting.  In  the  delivery  wagon  and  truck  work, 
however,  high  speeds  are  not  required,  consequently  the  con- 
troller is  built  with  only  sufficient  number  of  forward  positions 
to  give  easy  acceleration  and  an  economical  operating  position. 
The  question  of  single  and  double  motor  equipment  must  also 
be  considered. 

The  General  Electric  S  103  type  of  controller,  shown  at  Fig. 
484,  A,  is  designed  so  that  by  changing  the  overall  length,  the 
number  of  contact  fingers  and  cylinder  contact  arrangement,  it 
can  be  readily  adapted  to  the  various  connections  required.  The 
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Fig.  484. — General  Electric  Controller  and  Resistance  Grid  Assemblies 

cylinders  are  of  uniform  diameter.  Thev  are  held  between  end 
frames  of  standard  design.  The  cylinder  movement  is  secured 
by  the  movement  of  the  gear  which  is  fastened  to  the  cylinder 
shaft  through  a  section  which  is  moved  by  the  operating  handle 
By  using  this  form  <>f  gear  reduction  the  angle  through  which 
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the  handle  moves  is  greatly  reduced  in  comparison  to  that 
through  which  the  cylinder  passes. 

This  not  only  facilitates  the  operation  of  the  controller  from 
the  seat  of  the  driver  but  gives  a  greater  displacement  between 
the  various-  notch  positions.  The  controller  is  designed  to  be 
mounted  with  finger  base  directed  towards  the  floor  of  the  car, 


Fig.  485.— Wiring  Diagram  of  G.  E.  Controller. 


allowing  leads  to  be  extended  upward  and  rendering  them  read- 
ily accessible  and  easy  to  remove.  All  contact  segments  and 
fingers  liable  to  replacement  on  account  of  wear  are  so  designed 
;is  to  be  easily  removed.  In  ordering  these  parts  the  controller 
type  and  number  given  on  the  name-plate  should  be  designated. 
To  secure  the  best  operation  of  the  controller,  all  moving  parts 
should  be  regularly  filed,  and  contact  segments  should  be  lubri- 
cated with  vaseline.  A  finger  pressure  of  5  pounds  has  been 
tound  to  give  the  best  results. 

Continuous  Torque. — All  G.  E.  controllers  are  designed  for 
continuous  torque,  the  special  features  of  which  are  given  in  the 
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following  description :  To  secure  smooth  acceleration  in  electric 
vehicles  it  is  necessary  that  the  current  flow  uninterruptedly 
while  the  controller  cylinder  is  passing  to  the  various  forward 
and  reverse  notches.  In  the  system  of  controller  used  ordinarily 
in  electric  vehicles,  this  interruption  will  take  place  only  in  the 
transition  from  the  series-to-series  parallel  point  on  the  con- 
troller, the  various  speeds  being  secured  either  by  the  introduc- 
tion of  series  in  circuit  or  by  shunting  fields. 

Referring,  therefore,  to  this  one  particular  point,. the  continu- 
ous torque  is  applied  as  indicated  on  Fig.  485,  A,  in  the  following 
manner:  On  the  third  position  the  motor  fields  are  in  series  and 
shunted  with  resistance  R2.  As  the  controller  passes  between 
positions  three  and  four,  the  3A  short  circuit  is  introduced  around 
one  set  of  fields.  Referring  to  the  segment  layout  you  will  note 
that  this  is  introduced  by  the  contact  finger  dropping  across  the 
gap  on  the  contacts  F2,  connecting  them  to  Fl  and  FF1.  In 
the  next  position,  3Bm,  the  shunt  R2  is  removed.  Field  connec- 
tion FF1  is  open,  leaving  field  terminal  F2  connected  to  the  line 
Fl.  Referring  again  to  the  contact  finger,  F2  has  now  passed 
across  the  gap.  On  the  next  point,  which  is  the  fourth  position, 
the  terminal  FF1  is  connected  to  FF2. 

Reviewing  this  to  accomplish  the  changes  required,  the  resist- 
ance is  first  introduced  across  the  series  field,  after  which  one 
set  of  field  coils  is  short-circuited,  the  other  field  remaining  in 
full  strength.  The  connection  of  the  resistance  and  short-cir- 
cuited fields  are  npw  broken,  after  which  the  previously  short- 
circuited  fields  are  placed  in  multiple  with  the  other.  Although 
during  the  transition  only  one  set  of  fields  are  used,  it  has  been 
found  on  a  four-pole  motor,  with  sets  of  coils  180°  apart,  that 
there  is  very  little  momentary  increase  in  operating  current. 
This  explanation  in  question  applies  to  a  single  motor  equip- 
ment. For  a  double  motor  equipment  the  general  scheme  will 
be  the  same,  except  that  instead  of  one  motor  with  series  parallel 
fields  we  would  have  two  motors  in  series  which  would  be  placed 
in  series  parallel. 

Wiring  diagrams  are  given  at  Fig.  486,  A,  B,  and  C,  showing 
combinations  used  on  controllers  giving  four,  five  and  six  forward 
speeds.  In  view  of  the  explanation  previously  given  no  trouble 
will  be  experienced  in  tracing  the  circuits.  In  all  General  Elec- 
tric continuous  torque  control,  except  in  one  or  two  special  cases, 
the  batteries  are  kept  in  series  at  all  times.    Referring  to  the 

f 

Digitized  by  Google 


798 


The  Motor  Truck 


blue-print,  they  are  indicated  by  one  terminal  which  is  marked 
"B"  and  another  terminal  which  is  connected  to  the  armature. 

Resistance. — The  G.  E.  cast  grid  resistance  boxes,  one  of 
which  is  shown  at  Fig.  484,  B,  can  be  made  up  from  three  sizes 
of  grids  according  to  the  ampere  capacity  of  the  service.  The 
boxes  are  assembled  between  punched  sheet  steel  and  frames  in 
lengths  sufficient  to  give  the  resistance  required.  To  protect 
them  from  rusting,  the  grids  are  copper  plated  and  "treated  with 


Fig.  487. — Cut-away  View  of  Westinghouse  Electric  Vehicle  Motor. 

aluminum  paint.  Care  should  be  taken  in  handling  these  boxes 
prior  to  their  installation  in  the  vehicle  and  when  finally  installed 
they  should  be  firmly  held  in  place. 

Connections. — The  notation  on  the  top  of  the  resistance  agrees 
with  these  on  the  controller  diagram  of  connections  for  the  par- 
ticular case  to  which  it  is  to  be  applied.  There  are  also  connec- 
tion taps  in  intermediate  positions  which  can  be  used  to  secure 
speed  regulation  other  than  that  given  by  the  standard  con- 
nections. 

Westinghouse  Vehicle  Motors. — The  salient  characteristics  of 
the  Westinghouse  motors,  one  of  which  is  shown  in  part  section 
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at  Fig.  487,  marking  their  suitability  for  application  to  electric 
vehicles,  are  as  follows: 

1st.  The  motors  are  constructed  so  as  to  secure  strength  with 
a  simple  arrangement  of  few  parts,  which  combination  attains 
the  much-desired  results  of  minimum  attention  and  maintenance, 
with  long  life.  Practically  the  only  attention  necessary  is  a 
periodic  inspection  for  the  purpose  of  renewing  brushes  when 
worn  and  replenishing  the  lubricant  for  the  bearings. 

2nd.  The  motors  are  proportioned  so  as  to  commutate  spark- 
lessly  and  maintain  a  high  polish  on  the  commutator,  even  when 
operating  under  the  severe  condition  of  truck  service,  where  the 
motors  are  called  upon  to  commutate  from  five  to  six,  and  even 
more,  times  normal  rated  current. 

3rd.  A  complete  line  of  motors,  ranging  in  capacity  from  that 
required  for  the  smallest  runabout  to  that  for  a  ten-ton  truck,  has 
been  designed  and  built.  Two  windings  are  provided  for  each 
size  frame — one  for  the  80-volt  and  one  for  the  60-volt  classifi- 
cation— to  be  used  principally  with  lead  and  Edison  batteries 
respectively.  These  windings  are  proportioned  so  that  they 
deliver  equal  horsepower  at  their  respective  ratings ;  in  other 
words,  the  two  windings  are  proportioned  so  that  they  have 
equal  watt  ratings  at  the  same  torque,  or  turning  effort,  and 
the  same  speed.  The  full  significance  of  this,  and  its  resulting 
advantages,  may  be  readily  appreciated  by  considering  the  fact 
that  a  car  equipped  with  one  kind  of  battery  may  be  quickly 
equipped  with  the  other  kind  of  battery  without  any  change  in 
the  motor  suspension  or  mechanical  transmission  system.  Ref- 
erence to  the  performance  characteristics  will  make  these  fea- 
tures  clear. 

4th.  The  motors  have  very  high  efficiency  throughout  their 
range  of  operation,  which  characteristic  is  especially  pronounced 
when  operating  under  conditions  of  extreme  overload. 

Construction. — The  motor  frame  shown  at  Fig.  487  is  made 
of  cast  steel  and  is  cylindrical  in  form  with  one  end  open  and 
the  other  end  partly  enclosed  by  a  flange  cast  integral.  The 
inside  of  the  frame  is  cast  with  a  broad  boss,  or  band,  which 
is  bored  accurately  for  the  pole  seat.  At  each  end,  the  surfaces 
are  machined  to  receive  the  bearing  housings  and  hand-hole 
covers;  these  parts  are  attached  securely  so  that  the  motors 
are  proof  against  accumulations  of  dirt  and  water.  The  hand- 
hole  covers  are  attached  in  a  mancr  so  that  they  may  be 
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Fig.  488.— Westinghouse  Electric  Vehicle  Motors. 
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removed  and  the  inner  parts  of  the  motor  inspected  readily,  and 
vet  the  brake  rods,  etc.,  may  be  installed  in  straight  alignment 
and  without  offsets. 

The  poles  are  built  up  of  very  thin  laminations  made  from 
selected  steel  sheets,  treated  by  special  processes  so  as  to  insulate 
the  laminations  one  from  another  and  enhance  the  inherently 
good  magnetic  qualities.  The  laminations  are  assembled  in  a 
registering  former  (the  surface  of  registration  being  the  devel- 
oped face  of  the  poles)  and  riveted  under  pressure.  A  smooth 
pole  face  is  thus  obtained,  as  no  machine  or  tool  work  on  the 
face  is  permitted  after  assembly.  The  pole  tips  are  chamfered 
to  regulate  magnetic  fringing,  but  the  change  in  curvature  is 
such  that  the  pole  face  presents  an  unbroken  surface  to  the  arma- 
ture core.  This  construction  is  such  that  the  eddy  current  losses 
are  reduced  to  nearly  the  vanishing  point  and  quiet  operation 
is  assured.  While  quiet  operation  is  desirable  in  motors  for 
commercial  trucks,  it  is  absolutely  necessary  in  successful  pleas- 
ure cars. 

The  bearing  houses  are  constructed  so  as  to  prevent  the  lubri- 
cant from  working  into  the  motor  and  are  arranged  to  catch 
any  that  may  tend  to  work  past  the  barriers.  The  lubricant  thus 
gathered  is  discharged  at  the  outside  of  the  motor  through  a 
passage  of  such  proportions  and  construction  that  it  cannot  be- 
come clogged  with  accumulations  of  dirt  and  grease.  Each  bear- 
ing housing  is  fitted  with  a  passage  direct  from  a  port  at  the  top 
to  the  bearing  chamber,  so  that  fresh  lubricant  may  be  added 
without  removing  the  motor  from  the  car.  This  port  is  ordina- 
rily fitted  with  a  gas-pipe  plug,  but  may  be  fitted  with  compres- 
sion or  other  grease  cups. 

The  brush-holders  are  of  the  radial  sliding  box  type.  They 
are  bolted  securely  to  the  frame,  but  holes  are  drilled  and  tapped 
in  the  frame  so  that  the  brush-holders  may  be  adjusted  readily 
tor  backward  lead  for  either  or  both  directions  of  rotation.  The 
brushes  are  made  of  high-grade  graphite.  Braided  copper  shunts 
protect  the  brush  springs  from  the  deleterious  effects  of  heating 
l>y  the  current,  and  are  fastened  mechanically  to  the  brush  with- 
out solder,  so  that  there  is  no  danger  of  this  melting  and  causing 
the  brushes  to  stick  in  the  brush  box. 

The  armature  is  built  up  on  a  cast  iron  spider,  which  permits 
the  removal  of  the  shaft  without  disturbing  the  windings.  Lib- 
eral ventilating  ducts  are  provided,  insuring  an  unrestricted 


802 


The  Motor  Truck 


Fig.  489. — Westinghouse  Motor  for  Electric  Vehicles  is  Thoroughly 
Encased,  Yet  Commutator  and  Brushes  are  Easily  Reached. 


circulation  of  air,  and  the  elimination  of  "localized  hot  spots, 
which  cause  a  rapid  deterioration  of  the  insulation.    The  com- 
mutator is  constructed  of  a  large  number  of  bars,  which  results 
in  low  voltage  between  bars  and  consequently  excellent  commu- 
tation.   The  commutator  is  clearly  shown  at  Fig.  489,  B.  The 
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sectional  view  at  Fig.  490  and  table  of  dimensions  show  the 
engineering  features  of  these  motors. 

Westinghouse  Vehicle  Motor  Performance. — During  the  de- 
velopment stage  of  the  electric  vehicle  a  certain  amount  of  ex- 
perimental data  had  to  be  amassed  and  analyzed  before  the 
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electrical  apparatus  could  be  designed  and  the  various  pieces 
selected  so  as  to  secure  a  well-balanced  equipment,  each  piece 
having  a  definitely  rapid  capacity.  The  importance  of  establish- 
ing a  rational  relation  between  the  rating  of  the  two  principal 
items,  the  motor  and  the  storage  battery,  was  clearly  seen  by 
the  Westinghouse  Electric  and  Manufacturing  Company  at  the 
beginning  of  its  activities  in  this  field.  The  very  nature  of  the 
battery  is  such  that  it  must  be  rated  as  giving  out  the  stored 
energy  at  a  definite  ampere  rate  for  a  definite  period  of  time. 
This  was  four  hours  in  the  early  stage  of  development.  There- 
fore it  was  decided  to  arbitrarily  rate  the  motors  on  the  same 
basis. 

The  materials  used  in  the  construction  of  the  motors  are  such 
that  a  third  limitation  had  to  be  introduced,  namely,  increase  of 
temperature  above  that  of  the  surrounding  air.  Therefore  the 
motors  were  rated  at  a  given  number  of  amperes,  volts,  and 
•  p.m.,  with  temperature  rise  of  50°  C.  above  the  surrounding  air, 
the  temperature  to  be  measured  after  four  hours  uninterrupted 
operation,  as  shown  in  charts  at  Fig.  491.  Four  hours  was  se- 
lected as  conforming  with  the  period  of  the  battery  rating,  but 
it  was  found  that  many  users  operated  the  vehicle  until  the  bat- 
tery was  fully  discharged  and  then  replaced  it  by  a  freshly 
charged  battery  so  that  the  service  required  from  the  motor  was 
practically  continuous.  With  motors  of  the  size  and  construc- 
tion required  for  vehicle  application  the  continuous  rating  is  the 
same,  within  reasonable  limits,  as  the  four-hour  rating,  so  that 
the  temperature  rise  will  be  within  the  safe  limit  when  the  motor 
operates  continuously  at  its  normal  rating  of  amperes  and  volts. 
It  was  found  that  the  motors  were  called  upon  often  during  in- 
clement weather  to  develop  a  driving  effort  requiring  currents 
ma  •  times  the  rated  value  so  that  a  low  temperature  rise  (50° 
C.)  was  selected  instead  of  75°  C.  rise,  as  customary  for  railway 
motors,  y\hkh  permits  the  motors  to  be  operated  on  these  ex- 
treme overloads  for  considerable  periods  of  time  with  a  tempera- 
ture rise  sufficiently  low  so  that  the  motors  will  not  suffer  injury. 

Description  of  General  Electric  Motors. — The  General  Elec- 
tric Co.  has  developed  two  universal  types  of  motors  for  battery 
driven  vehicles,  one  type  for  trucks  to  be  used  in  road  work  and 
one  type  for  small  industrial  cars  and  tractors  for  use  in  ware- 
house and  interfactory  communication,  and  for  pleasure  vehicles 
operated  on  roads.    The  first  of  these  types  shown  at  Figs.  492 
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and  493  developed  in  eight  (8)  sizes  of  frames,  the  smallest  of 
which  is  suitable  for  the  runabout  or  light  delivery  wagon,  and 
the  largest  for  the  heavy  5-ton  truck.  The  same  general  me- 
chanical proportions  have  been  followed  in  all  sizes,  and  the 
electrical  designs  have  been  developed  with  a  view  of  giving 
high  overload  torque  and  low  heating,  without  undue  increase 
in  weight.  The  following  general  description  covers  the  mechan- 
ical and  electrical  features  of  these  motors  with  instructions  for 
their  care  and  operation. 

Magnet  Frame. — The  bearing  head  commutator  end  and  the 
magnet  frame  are  a  one-piece  casting  which  is  machined  from 
end  to  end.  This  design  readily  lends  itself  to  the  easy  applica- 
tions of  the  various  forms  of  suspension  brackets  which  it  may 
be  desirable  to- use.  The  General  Electric  Company  will  drill 
and  tap  necessary  holes  for  fastening  these  brackets  if  suitable 
jig  is  supplied. 

Bearing  Head  and  Bearings. — Unless  otherwise  specified  the 
bearing  heads,  both  commutator  and  pinion  ends,  will  be  made 
from  cast  iron,  the  latter  of  the  closed  type.  When  light  weight 
is  required  and  where  the  motor  is  protected  from  the  weather 
and  such  moisture  as  will  accumulate  in  washing,  an  aluminum 
end  head  of  the  open  type  can  be  applied.  Annular  ball  bearings 
are  used  on  both  commutator  and  pinion  ends.  They  are  firmly 
fastened  to  the  shaft  by  a  retaining  nut  and  are  protected  from 
dust  by  a  bearing  cap.  This  cap  also  acts  as  a  retainer  for  the 
lubricant.  Before  shipment  all  bearings  are  packed  in  refined 
lubricating  grease.  This  should  be  renewed  every  six  months, 
and  in  case  motor  is  disassembled  from  vehicle,  so  that  bearings 
can  be  taken  out,  they  should  be  washed  with  gasoline  and  re- 
packed with  clean  vaseline  which  is  free  from  acid.  Shaft  exten- 
sion will  be  tapered  unless  otherwise  specified,  and  will  extend 
on  the  pinion  end  of  the  motor.  If  a  brake  drum  is  desired,  the 
shaft  can  also  be  extended  on  the  commutator  end. 

Commutators  and  Brush  Holders. — The  mica  is  milled  from 
the  commutators  to  a  depth  of  Vi«  inch.  Fiber  graphite  brushes 
are  used.  They  are  held  on  the  commutator  with  a  pressure  of 
3.5  pounds  per  square  inch  on  brush  contact  surface.  No  lubri- 
cation should  be  used  on  the  commutator  and  the  brush-holder 
body  should  be  set  about  %  inch  from  the  surface  of  the  com- 
mutator. Two  drilled  positions  are  supplied  for  setting  the 
brush-holder  yoke,  and  motors  can  be  operated  in  either  clock- 
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wise  or  counter-clockwise  direction  of  rotation  by  giving  the 
brushes  the  necessary  backward  shift.  In  case  it  is  necessary 
at  any  time  to  turn  the  commutator  after  machining,  the  milled 
slots  should  be  carefully  cleaned  with  a  sharp  file  and  the  surface 
of  the  commutator  polished  with  a  fine  sandpaper.  Brushes 
should  be  refitted  by  drawing  sandpaper  under  them  in  the  direc- 
tion in  which  the  motor  operates  under  normal  conditions. 

Emery  cloth  should  never  be  used  on  commutators  or  brushes 
as  the  hard  metallic  flakes  of  the  cutting  surface  become  em- 
bedded in  the  softer  copper  and  not  only  cause  excessive  wear  of 
the  brushes  but  on  account  of  conductivity  develop  short-circuit 
between  the  segments. 

Connections. — The  motors  are  all  of  the  4-pole  design  and 
arranged  so  that  the  speed  under  normal  current  can  be  secured 
with  either  series  or  series  parallel  fields.  In  the  case  of  the 
series  parallel  six  (6)  leads  are  brought  from  the  frame,  two 
(2)  armatures  and  four  (4)  fields;  while  in  the  series  connections 
four  (4)  leads  are  brought  from  the  frame,  two  (2)  armatures 
and  two  (2)  fields. 

It  is  possible  to  rate  these  motors  on  24  or  48  volts  if  desired, 
or  other  voltages  which  it  may  be  found  of  a  special  advantage 
to  use.  However,  for  standard  vehicle  work  using  the  Edison 
and  lead  battery,  it  has  been  found  that  the  best  charging  con- 
ditions are  secured  with  the  110-volt  circuit  where  the  80  and 
86-volt  standard  is  adopted,  the  Edison  requiring  on  charge  ap- 
proximately 1.8  volt  per  cell,  and  the  lead  approximately  2  volts 
per  cell. 

The  second  class  of  motors  shown  in  section  at  Fig.  493, 
which  have  been  developed  for  industrial  car  and  tractor  work, 
are  designed  to  give  high  overload  torque  on  the  lowest  possible 
currents.  The  machines  differ  somewhat  in  construction  from 
those  developed  for  truck  work  in  that  they  are  provided  with 
a  4-brush  stud  construction,  a  detail  which  has  permitted  the 
use  of  the  shorter  frame,  a  requirement  which  is  essential  in 
this  class  of  service  where  space  is  very  limited.  The  magnet 
frame  is  made  from  a  steel  casting  of  the  cylindrical  construction 
machined  from  end  to  end.  while  cast  iron,  steel  or  malleable  iron 
bearing  heads  are  bolted  to  each  end.  The  armatures  arc 
mounted  on  ball  bearings,  the  bearing  being  locked  on  the  shaft 
with  locking  nut  and  the  bearing  housing  closed  with  a  dust- 
proof  bearing  cap. 
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These  motors  are  developed  in  two  sizes  of  frames,  and  with 
standard  electrical  ratings  for  24  and  48  volts.  It  is  possible, 
however,  if  occasion  requires  to  supply  ratings  on  other  voltages. 
The  armatures  on  both  these  types  of  machine  after  being  wound 
are  baked,  dipped  in  special  dipping  varnish,  baked  a  second  time, 
the  entire  operation  being  repeated  twice.  The  field  coils  are 
impregnated  in  asphaltus  under  the  vacuum  process  and  after 
being  baked  are  given  a  final  dipping  varnish.    This  renders 


Fig.  494. — Diagram  Showing  Electric  Motor  Windings.    At  left — Series 

Wound.    At  Right — Shunt  Wound. 


both  armatures  and  field  windings  practically  impervious  to 
moisture. 

Truck  Motors  and  Battery  Arrangement. — Electric  motors  for 
electric  trucks  usually  have  about  one  kilowatt  capacity  per  ton- 
load  added,  the  minimum  being  2  k.w.  on  a  one-ton  truck;  thus 
a  two-ton  truck  will  need  a  3-k.w.  motor,  a  four-ton  truck  4  k.w., 
and  5  k.w.  for  a  five-ton  vehicle.  The  usual  range  on  good  roads 
is  about  40  miles  for  a  truck  and  75  to  100  miles  for  pleasure 
cars  on  one  battery  charge.  Vehicle  batteries  are  generally  car- 
ried in  hard-rubber  jars  and  are  nearly  always  of  the  sealed  type 
on  account  of  the  liability  of  splashing  the  electrolyte  when  the 
car  is  operated  over  ordinary  highways.    The  cells  are  grouped 
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Fig.    495.— Parts   of  Typical   Four- Pole   Motor   or   Generator  Field 

Assembly. 


in  trays  for  easy  handling,  and  all  connections  and  couplings, 
terminals  and  battery  straps  are  of  unusually  rugged  design. 

The  present  tendency  in  lead-battery  design  seems  to  be 
:oward  the  use  of  more  thin  plates,  as  fifteen  are  furnished  as 
i  standard  equipment  more  often  than  a  smaller  number.  Such 
m  equipment  will  give  180  ampere-hours,  and  in  some  types 
nay  develop  fully  200  ampere-hours.  The  reasons  for  the  in- 
:reasing  adoption  of  the  thin  plate  lead  battery  are,  first,  an 
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augmenting  demand  for  more  speed  and  greater  range  of  action 
per  charge,  and  secondly,  a  realization  on  the  battery  maker's 
part  that  the  life  of  a  thin  plate  is  equal  to  that  of  the  heavier 
ones  if  the  installation  is  properly  made.  One  standard  jar  size 
now  being  produced  will  work  with  from  11  to  15  plates.  The 
high-ribbed  type  of  jar  is  used,  having  at  least  three  inches  below 
the  bottom  of  the  plates  for  sediment  space,  thus  reducing  the 


Armature  Complete 


Armature  Shaft- 


Fig.  496. — Components  of  Electric  Vehicle  Motor  Armature  Assembly. 


Digitized  by  Google 


Faults  in  Motors  813 


amount  of  washing  and  necessary  cleaning  out  of  the  cells.  The 
jars  are  assembled  side  to  side  in  trays,  with  the  plate  surfaces 
set  at  right  angles  to  the  direction  of  car  movement.  One  row 
of  cells  is  mounted  in  each  tray,  these  being  set  lengthwise  in 
the  battery  compartment.  This  arrangement  is  said  to  reduce 
jar  breakage. 

Faults  in  Motors.— While  every  effort  has  been  made  by  the 
manufacturers  of  electric  trucks  to  have  the  various  units  func- 
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Fig.  497.— Methods  of  Grooving  Insulation  Between  Commutator  Seg- 
ments at  A  and  B  and  Right  and  Wrong  Way  of  Slotting  the  Mica 
at  C.  Proper  Method  of  Sanding  Small  Motor  Commutator  Out- 
lined at  D. 

tion  as  nearly  automatically  as  possible,  it  will  be  evident  that 
some  attention  will  be  needed  by  the  various  units.  The  motor 
should  be  looked  over  from  time  to  time  and  should  any  carbon 
dust  be  worn  from  the  brushes  by  the  commutator  and  deposited 
in  the  lower  part  of  the  casing  it  should  be  blown  out  with  com- 
pressed air.  It  is  stated  that  an  accumulation  of  this  dust  may 
result  in  a  ground  to  the  motor  case  or  produce  a  short-circuit 
between  the  brush  carrier  and  case.  If  the  commutator  is  black- 
ened or  rough  it  must  be  smoothed  down  with  fine  sandpaper 
while  the  armature  is  rotating.  Never  use  emery  cloth  for  this 
purpose.     After  smoothing  down  the  commutator  remove  all 
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particles  of  metal  which  may  bridge  across  between  the  copper 
segments.  The  insulating  material  between  the  commutator 
segments  should  not  be  higher  than  the  surfaces  of  the  segment, 
and  if  any  of  it  projects  it  must  be  filed  down  slightly  lower  than 
the  copper  pieces  by  using  a  small  file,  as  shown  at  Fig.  497. 

The  brushes  are  the  part  of  the  motor  that  demand  the  most 
attention  and  to  which  most  of  the  troubles  in  devices  of  this 


Right  Way.                               Wrong  Way. 
 Handing  Brushes.  

Fig.  498. — Illustration  Showing  Right  and  Wrong  Way  of  Sandpapering 

Brushes. 

kind  are  due.  They  should  be  examined  to  see  that  they  are  in 
perfect  contact  with  the  commutator  and  that  they  do  not  stick 
in  the  brush-holders.  Any  dirt  or  grease  on  the  brush  assembly 
should  be  removed.  One  of  the  most  fertile  causes  of  poor  brush 
contact  with  the  commutator  is  on  account  of  insufficient  spring 
tension.  When  examining  the  brushes  care  should  be  taken  to 
see  that  these  are  maintained  positively  in  contact  with  the 
copper  segments.  Care  should  be  taken  not  to  have  the  spring 
pressure  too  great,  as  this  would  produce  fapid  depreciation  of 
the  brushes  and  heating  of  the  commutator.    Brushes  that  have 
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worn  down  till  they  are  short  must  be  replaced  with  new  ones. 
When  replacing  brushes  be  sure  that  they  fit  the  commutator 
surface  exactly  over  the  whole  area  of  the  end  of  the  brush,  and 
in  all  cases  use  brushes  for  replacement  furnished  by  the  maker 
of  the  motor.  In  some  machines  shunt  connections,  which  are 
called  "pigtails,"  are  used  for  connecting  the  brushes.  If  the  new 
brushes  furnished  by  the  factory  have  these  connections  attached 
care  should  be  taken  to  make  the  connection  exactly  the  same 
as  on  the  old  brushes. 

It  is  imperative  that  the  commutator  be  kept  clean,  as  any  oil 
or  grease  on  the  segments  will  collect  carbon  dust  and  produce 
short-circuiting.  The  brush-holders  should  be  entirely  insulated 
from  the  carrying  case,  and  if  any  of  the  insulating  bushings, 
washers  or  plates  are  found  defective  they  must  be  replaced 
with  new  ones. 

Electrical  Terms  Defined. — In  referring  to  any  force,  it  is  nec- 
essary to  have  some  units  by  which  its  capacity  may  be  judged. 
For  instance,  in  comparing  bodies  of  different  size  we  can  use 
units  which  will  show  the  difference  of  mass  or  dimensions  such 
as  pounds  or  feet,  or  the  fractions  and  multiples  thereof.  To 
gauge  the  ability  of  the  electric  force  there  are  several  practical 
units  with  which  all  motorists  should  be  familiar.  They  are  the 
volt,  watt,  ohm  and  ampere. 

The  VOLT  is  the  practical  unit  of  electro-motive  force,  pres- 
sure, or  difference  of  potential  or  condition  existing  between  dif- 
ferent parts  of  the  circuit.  Referring  again  to  the  reservoirs  of 
water,  we  would  find  a  foot  height  of  liquid  a  very  convenient 
expression  to  use  as  a  difference  of  height  or  head  of  water,  and 
such  is  in  constant  use  by  all  engineers.  This  is  a  precise  analogy 
to  the  volt,  which  is  the  unit  that  measures  the  tendency  of  an 
electric  charge  to  escape  to  the  opposite  level,  this  being  the 
actuating  force  of  currents.  The  volt  is  the  cause  of  the  cur- 
rent, not  a  part  of  it.  It  is  the  difference  in  voltage  which  causes 
a  current  to  flow  from  one  object  to  another.  The  expression 
100  or  any  other  number  of  volts  current  has  no  foundation; 
the  expression  should  be  100-volt  circuit.  The  familiar  dry  cell 
maintains  a  difference  of  about  one  and  one-quarter  volts  be- 
tween the  surfaces  of  the  elements  of  which  it  is  composed. 

The  OHM  is  the  unit  by  which  resistance  is  judged.  Every- 
thing has  electrical  resistance.  Some  elements  have  very  little, 
such  as  a  short  length  of  a  good  conductor;  others  have  so  much 
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as  to  form  a  most  effectual  barrier  to  the  passage  of  the  cur- 
rent, these  being  commonly  known  as  insulators.  As  an  exam- 
ple, consider  a  man  lifting  weights.  The  heavier  the  weight,  the 
harder  he  must  work  to  lift  it.  A  little  body  weighing  a  few 
ounces  offers  so  little  resistance  that  it  can  be  raised  from  the 
ground  with  a  negligible  amount  of  work.  At  the  other  hand, 
it  may  have  a  mass  of  several  hundred  pounds,  in  which  case 
enough  resistance  would  be  offered  to  make  it  immovable  against 
the  efforts  of  one  man,  though  a  number  of  men  might  easily 
move  it  without  mechanical  aid. 

A  substance  that  would  offer  considerable  resistance  to  a  cur- 
rent of  low-tension  or  voltage  would  be  easily  overcome  by  a 
current  having  greater  electro-motive  force.  For  instance,  it  is 
impossible  to  pass  the  current  obtained  from  several  cells  of  dry 
battery  through  the  air  gap  between  the  points  of  a  plug,  as  the 
current  pressure,  only  a  few  volts,  is  not  sufficient  to  overcome 
the  resistance  offered  by  the  air  between  the  electrodes.  At  the 
other  hand,  pass  this  same  battery  current  through  a  transformer, 
such  as  an  induction  coil,  and  it  produces  another  current  of 
greater  potential  and  at  high  enough  voltage  to  overcome  the 
resistance  of  the  air  gap.  As  an  example,  a  column  of  mercury 
one  square  millimeter  in  cross  section  and  1.0624  meters  long 
has  the  resistance  of  one  ohm. 

The  unit  of  current  strength  or  intensity  is  the  AMPERE 
Take*  a  conductor  of  one  ohm  resistance,  maintain  a  difference 
of  potential,  of  one  volt  between  the  ends,  and  in  one  second  a 
quantity  of  current  equal  to  one  ampere  would  have  passed 
through  it.  A  greater  voltage  will  maintain  a  greater  current 
flow  through  the  same  resistance,  or  a  greater  resistance  will 
reduce  the  current  in  exact  proportion.  For  example,  two  volts 
would  pass  two  amperes  through  one  ohm  resistance,  but  would 
only  pass  one  ampere  through  two  ohms  resistance.  The  am- 
pere is  really  a  unit  denoting  the  rate  of  flow,  and  is  exactly 
analogous  to  a  well-known  unit  used  in  hydraulics,  known  as 
the  "miner's  inch."  This  denotes  the  rate  of  flow  of  water  which, 
under  a  head  of  six  inches,  will  pass  through  a  hole  one  inch 
square  in  a  board  two  inches  thick.  Let  this  head  of  water  rep- 
resent one  volt,  and  let  the  resistance  of  the  hole  represent  one 
ohm.  then  the  "miner's  inch"  would  represent  a  current  of  an 
ampere. 

A  WATT  is  a  unit  of  quantity,  or  amount  of  electric  energy, 
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and  corresponds  to  a  current  of  one  ampere  at  a  pressure  of  one 
volt.    There  are  other  terms  in  which  a  unit  of  time  is  com- 
pounded with  the  foregoing,  such  as  ampere-hour,  which  means 
that  a  generator  of  certain  capacity  could  maintain  a  current  of 
one  ampere  for  one  hour.    It  is  a  term  usually  applied  to  deter- 
mine the  capacity  of  a  chemical  producer.    For  instance,  a  stor- 
age battery  with  60  ampere-hours  capacity  should  supply,  theo- 
retically, a  current  of  one  ampere  for  60  hours,  two  amperes  for 
30  hours,  or  60  amperes  for  one  hour,  or  any  other  combination 
of   time  and  amperes,  which  would  produce  the  same  result. 
Electrical  rate  of  work  is  measured  by  a  unit  involving  poten- 
tial difference,  quantity  of  electricity  and  time.   Thus  a  watt  is 
a  volt-ampere-second,  and  746  watts  indicates  an  amount  of 
electrical  energy  equal  to  one  mechanical  horsepower. 
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Cross-section  of  Cell  showing  Parts 


Fig.  499.— Sectional  View  Showing  Typical  Storage-Battery  Cell  and 

Its  Principal  Parts. 
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CONSTRUCTION,  CARE  AND  CHARGING  OF  TRUCK 

BATTERIES 

Discovery  of  Reversible  Chemical  Action— Plante,  or  Formed  Plates— 
Faure,  or  Pasted  Plates— The  Edison  Storage  Battery— "Iron  Clad" 
Exide  Battery — Construction  of  the  Edison  Vehicle  Battery— Stor- 
age Battery  Defects — Loss  of  Battery  Capacity— Sediment  in  Cells 
—Dangers  of  Flushing— Sulphation,  Cause  and  Cure— Slow  Charge 
Cures  Sulphate — Cause  of  Plate  Deterioration — Making  Electrolytes 
— Equipment  for  Battery  Charging — Charging  from  Direct  Current 
— Charging  from  Alternating  Current — Mercury  Rectifier  Bulb — 
Water  Resistance  for  Discharging — Charging  Vehicle  Batteries  of 
Lead  Plate  Type — Maximum  Permissible  Rate — Ampere  Hour  Meter 
Indications  as  Basis  for  Charging — Fully  Charged  Battery — Westing- 
house  Equipment  for  Charging  Electric  Vehicle  Batteries.  i 

Discovery  of  Reversible  Chemical  Action. — The  principle  on 
\Nhich  storage  battery  action  is  based  has  been  known  for  over 
a  century,  as  a  French  scientist,  Gautherot,  while  experimenting 
with  the  electrolysis  or  decomposition  of  water  in  1801  by  pass- 
ing an  electric  current  through  it  discovered  that  the  silver  or 
platinum  wires  employed  as  electrodes  for  this  purpose  would 
send  a  current  of  electricity  back  through  a  circuit  when  the 
battery  that  furnished  the  decomposing  current  was  removed 
from  them.  The  electrical  flow  from  the  wires  was  in  a  reverse 
direction  to  that  passed  through  by  the  main  battery,  and  was 
naturally  very  weak.  Further  studies  by  other  scientists,  notably 
De  la  Rue,  Ritter  and  Grove,  led  to  the  development  of  a  gas 
1>attery  which  was  really  a  variation  of  the  apparatus  used  in 
the  electrolysis  of  water. 

In  1834  Faraday  made  experiments  with  lead  electrodes  that 
resulted  in  the  development  of  storage  battery  forms  from  which 
those  used  to-day  are  patterned.  Following  the  experiments  of 
Sinsteden,  who  used  plates  of  nickel,  silver  and  lead  in  a  volt- 
ampmeter  in  1854  and  obtained  reverse  currents  from  that  in- 
strument of  sufficient  power  to  raise  a  wire  to  red  heat  after  it 
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had  been  used  in  measuring  a  source  of  electricity,  Gaston 
Plante,  who  was  familiar  with  these  experiments,  did  the  ex- 
perimental work  that  formed  the  basis  for  the  practical  storage 
battery  of  to-day. 

Early  Battery  Types. — The  early  Plante  battery  consisted  of 
two  sheets  of  lead,  which  were  separated  from  each  other  by 
canvas  and  immersed  in  a  sulphuric  acid  and  water  electrolyte. 
After  sending  a  current  of  electricity  through  from  primary  cells 
of  the  Bunsen  type,  a  much  more  powerful  current  was  obtained 
from  the  lead  plates  that  either  Faraday,  with  his  lead  peroxide 
element,  or  Sinsteden,  with  his  combination  of  metals,  had  se- 
cured, and  as  a  result  he  is  generally  credited  as  being  the  in- 
ventor of  the  storage  battery.  After  considerable  experimenting 
Plante  found  that  it  was  possible  to  increase  the  current  output 
of  a  secondary  battery  by  repeated  charges  and  discharges.  It 
was  learned  that  the  capacity  augmented  with  use.  and  that  the 
lead  plate  surfaces  were  changed  into  lead  sulphate  and  lead 
oxide,  and  that  the  coatings  penetrated  deeper  into  the  plate 
with  each  added  charge  and  discharge. 

Inasmuch  as  the  knowledge  was  available  to  men  of  science 
even  at  that  early  day  (1860)  that  the  action  of  electric  current 
on  lead  plates  would  cause  a  chemical  change  that  would  in  turn 
result  in  a  reverse  current  flow,  the  only  drawback  to  making 
the  storage  battery  of  practical  value  was  the  lack  of  economical 
means  for  charging  the  plates.  The  dynamo  had  not  been  per- 
fected to  the  point  that  it  reached  a  few  years  later,  so  the  only 
current  means  available  for  "forming"  or  preparing  the  lead 
plates  was  by  the  action  of  expensive  primary  batteries.  The 
first  chemical  changes  that  took  place  were  of  very  limited 
depth,  and  even  after  long  service  the  chemical  action  of  changed 
material  could  hardly  be  measured.  It  was  only  by  frequent 
and  repeated  charges  and  discharges,  extending  over  months  of 
time,  that  it  was  possible  to  obtain  cells  with  sufficient  capacity 
to  be  of  practical  value.  Even  though  laboring  under  these  dis- 
advantages. Plante  was  able  to  make  numerous  cells  of  this  kind 
and  perforin  laboratory  experiments  which  created  great  inter- 
est among  the  scientists  of  that  time. 

The  chemical  change  which  results  in  the  production  of  elec- 
tricity in  lead  plate  batteries  is  rather  complicated,  and  its  exact 
nature  is  not  definitely  known  even  to-day.  It  was  advanced 
by  Plante  that  the  charging  action,  or  rather  chemical  change 
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when  current  was  passed  through  the  cell  from  an  outside 
source,  resulted  in  the  formation  of  lead  peroxide  (Pb02)  on 
the  positive  plate  and  metallic  lead  on  the  negative.  Both  of 
these  were  said  to  be  converted  into  lead  oxide  (PbO)  when  the 
current  was  drawn  from  the  battery.  Later  investigations 
showed  that  the  formation  of  lead  sulphate  also  was  of  enough 
consequence  to  be  taken  into  consideration.  This  reaction  on 
discharge  is  probably  about  as  follows: 

Charged  Condition  Becomes  Discharged  Condition. 
Pb  +  2H2S04  +  PbOa  -a  PbSO*  +  2H2  +  PbSO*. 

+       "    -  + 

> 

Therefore,  during  charging,  the  plates  must  be  brought  to 
their  original  state  and  the  sulphate  driven  out  of  the  plates  into 
the  electrolyte,  as  expressed  chemically  in  the  following: 

When  Discharged.  After  Charging. 
Positive  Plate,  PbS04  +  O  +  H20  =  Pb<32  +  H2S04. 
Negative  Plate;  PbS04  +  2H  —  Pb  +  H2S04. 

Considering  the  equations  previously  outlined,  it  will  be  evi- 
dent that  the  active  material  on  both  plates  of  a  storage  battery 
is  changed  into  lead  sulphate  when  the  battery  discharges. 
There  are  several  reasons  for  considering  this  theory.  The 
most  important  is  that  chemical  analysis  of  a  discharged  plate 
has  shown  large  quantities  of  lead  sulphate  to  exist.  The  fact 
that  the  density  of  the  electrolyte  becomes  less  during  the  dis- 
charge of  the  cell  shows  that  sulphuric  acid  is  consumed  and 
that  water  remains.  "The  specific  gravity  of  the  electrolyte  is 
greatest  when  the  cell  is  fully  charged.  This  demonstrates  con- 
clusively that  during  charging  the  sulphate  has  been  driven  out 
of  the  plates  and  into  the  electrolvte.  When  a  battery  is  dis- 
charged,  the  sulphate,  having  been  absorbed  by  the  plates,  re- 
sults in  a  lower  specific  gravity  of  the  electrolvte.  Then,  again, 
considering  the  matter  from  an  clectm-chemist's  point  of  view,  it 
is  known  that  the  combination  of  oxygen  and  lead  as  lead  oxide 
would  not  liberate  sufficient  electrical  energy  to  account  for  the 
voltage  of  the  current  produced  by  the  battery  on  discharge. 

Plante,  or  Formed  Plates. — One  of  the  first  difficulties  met 
with  and  one  that  militated  against  the  development  of  the  prac- 
tical or  commercial  type  of  battery  using  Plante*  plates  was  the 
great  length  of  time  needed  and  the  expensive  means  <»f  gener- 
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ating  the  forming  current.  Later  the  plates  were  treated  with 
nitric  acid  to  facilitate  the  forming  action.  Other  processes  have 
been  developed  to  hasten  the  formation.  In  addition  to  the 
chemical  treatment,  which  consists  of  immersing  the  lead  plates 
in  a  pickling  bath  to  produce  an  oxidization  before  the  current 


Fig.  500. — Constructional  Features  of  the  Exide  'Iron  Clad"  Vehicle 

Battery. 

acts  upon  them,  there  is  a  mechanical  action  which  will  produce 
the  same  result  and  hasten  formation.  Laminated  plates  com- 
posed of  ribbons  of  lead  will  form  quicker  than  the  solid  lead 
plates,  as  will  elements  made  up  of  lead  wires  or  plates  where 
the  surface  has  been  grooved  with  some  forming-tool.  An  elec- 
trolyte process  consists  of  making  the  plate  of  a  lead  alloy  and 
eating  the  foreign  matter  away  to  leave  a  porous  lead  plate. 

Faure,  or  Pasted  Plates. — As  soon  as  it  was  realized  that  the 
result  of  the  forming  current  was  the  production  of  lead  perox- 
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ide  on  one  of  the  plates,  two  men,  Camille  Faure  in  France  and 
Charles  F.  Brush  in  the  United  States,  working  independently 
of  each  other,  devised  a  process  of  plate  manufacture  that  ma- 
terially reduced  the  cost  of  construction.  Instead  of  forming 
the  active  material  of  expensive  and  time-consuming  alternating 
charges  and  discharges,  the  common  oxides  of  lead  were  applied 
to  the  surface  of  the  plate  in  the  form  of  paste,  so  that  the  work 
required  of  the  electric  current  was  reduced  appreciably  'and 
considerable  weight  reduction  obtained.  Litharge,  which  is  rich 
in  lead,  was  selected  for  the  negative  plates,  while  red  lead, 
which  is  oxidized  more,  was  used  on  the  plates  intended  to  be 
positives.  The  pastes  were  composed  of  the  oxides  mixed  with 
dilute  sulphuric  acid  in  the  proportion  about  one  part  acid  to 
four  of  water.  Such  a  paste  sets  very  quickly,  and  only  small 
quantities  can  be  prepared  at  a  time. 

When  the  Faure  process,  as  it  is  called,  was  first  discovered, 
it  was  believed  that  the  Plante  type  of  plate  would  be  discarded. 
It  was  found  by  practical  experience  that  the  new  structure  de- 
veloped faults  that  were  not  present  in  the  older  formation. 
Pasted  plates  of  early  development  were  found  to  bend  or  warp, 
to  enlarge  and  to  shed  the  active  material.  In  order  to  eliminate 
these  faults,  various  ingenious  grid  patterns  were  devised. 

The  capacity  of  a  storage  battery  depends  upon  the  area  and 
the  number  of  plates  per  cell,  while  the  potential  or  voltage  is 
determined  by  the  number  of  cells  joined  in  the  series  to  form 
the  battery.  Each  cell  has  a  difference  of  potential  of  2%0  volts 
when  fully  charged ;  therefore,  a  two-cell  battery  will  deliver  a 
current  of  4y10  volts,  and  a  three-cell  type  as  used  for  gasoline 
engine  ignition  and  starting  purposes  will  give  about  6%0  volts 
between  the  terminals.  When  sets  are  used  in  parallel  it  is  ad- 
visable to  test  the  sets  separately.  If  one  set  is  doing  a  large 
proportion  of  the  work,  the  gravity  of  the  electrolyte  will  be 
different  in  the  sets.  It  is  advisable  to  change  parallel  sets  to 
series,  when  practicable,  for  charging  at  terminal  stations.  This 
insures  the  same  charge  being  put  in  each  set.  For  similar  rea- 
sons all  the  cells  used  in  a  set  should  be  in  the  same  condition 
and  equally  well  charged  to  prevent  one  or  more  cells  reversing 
in  service. 

The  Edison  Storage  Battery. — The  fundamental  principle  of 
the  Edison  storage  battery,  shown  at  Fig.  502,  is  the  oxidization 
and  reduction  of  metals  in  an  electrolyte  which  neither  corn- 
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Fig.  501. — Positive  and  Negative  Plates  Used  in  the  Edison  Alkaline 

Battery. 

bines  with  nor  dissolves  either  the  active  materials  or  their  ox- 
ides. Also,  an  electrolyte  which,  notwithstanding  its  decompo- 
sition by  the  action  of  the  electric  current,  is  immediately  re- 
formed in  equal  quantity,  and  is,  therefore,  a  practically  constant 
element  without  change  of  density  or  conductivity  over  long 
periods  of  time.  A  storage  battery  is  commonly  looked  upon  as 
a  receptacle  in  which  to  store  electricity.  Electricity  is  not  con- 
crete matter.  In  fact,  nobody  knows  just  what  it  is.  There- 
fore, in  the  general  comprehension  of  the  term,  it  is  not  stored. 
Electricity  simply  causes  a  chemical  change  to  be  effected  iti 
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certain  substances,  when  it  is  caused  to  flow  through  them. 
These  substances,  in  endeavoring  to  return  to  their  original 
state,  produce  electricity. 

The  following  elementary  explanation  of  the  action  of  the  non- 
acid  battery  is  given  by  the  Edison  Storage  Battery  Company, 
and  is  so  simply  expressed  and  easily  understood  that  it  is  re- 
produced in  full.  If  the  reader  grasps  the  principles  expressed, 
he  will  have  no  difficulty  in  understanding  the  chemical  action 
that  results  in  current  production. 

"Suppose  we  place  two  pieces  of  very  thin,  bright  steel  out 
of  doors  for  a  few  weeks.  They  become  'rusted.'  The  action  of 
the  oxygen  on  the  outer  layer  of  the  metal  has  formed  it  into 
an  oxide  commonly  known  as  'rust.'  Now  let  us  place  these 
two  pieces  of  steel  in  a  solution  composed  of  potash  and  water, 
and  connect  them  by  wires  to  a  small  dynamo.  The  electricity, 
in  flowing  from  the  dynamo  through  the  solution,  from  one  of 
the  plates  to  the  other  and  back  to  the  dynamo,  changes  the 
rust  to  metallic  iron  on  one  of  the  plates,  but  causes  the  other 
plate  to  become  'rusted'  twice  as  much  as  before.  Now  let  us 
disconnect  the  plates  from  the  dynamo  and  connect  them,  by 
means  of  pieces  of  wire,  to  an  ammeter  (an  instrument  for  meas- 
uring electricity).  Instantly  the  excess  of  oxygen  in  the  rust  on 
the  one  plate  commences  to  pass  back  to  the  bright  plate  and, 
by  so  doing,  causes  electricity  to  be  generated.  Why  ?  Nobody 
really  knows.  We  have  now  charged  and  discharged  a  primitive 
storage  battery. 

"Instead  of  two  thin  rusted  steel  plates,  let  us  mount,  say,  one 
hundred  such  plates,  equidistantly  spaced,  on  one  rod,  and  one 
hundred  more  on  another  rod.  Now  interpose  the  two  groups 
so  the  plates  of  the  one  group  will  not  touch  those  of  the  other 
and  immerse  them  in  a  solution  of  potash.  When  connected  to 
our  dynamo  the  electricity  will  flow  from  one  group,  through 
the  solution,  to  the  other  group,  converting  the  oxide  of  one 
group  to  metallic  iron,  and  increasing  the  amount  of  oxide  on 
the  other  group.  We  shall  be  able  to  get  much  more  electricity 
from  the  battery  thus  formed,  because  of  the  greater  plate  sur- 
face exposed.  We  have  thus  determined  that  large  surface  is 
necessary. 

"Let  us  next  place  a  quantity  of  fine  particles  of  iron  rust  in 
two  perforated  flat  steel  pockets,  and,  after  putting  these  pockets 
into  potash  solution,  pass  electricity  from  one  to  the  other. 
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Fig.  502. — Part  Sectional  View  of  Edison  Alkaline  Battery,  Showing 
Internal  Arrangement  of  Plates  and  Relation  of  Principal  Parts  to 
Each  Other. 


through  the  solution,  as  before.  All  the  iron  rust  in  one  pocket 
will  be  changed  to  metallic  iron,  because  the  oxygen  will  have 
passed  over  to  the  iron  rust  in  the  other  pocket,  causing  this 
material  to  possess  twice  as  much  oxygen  as  before. 
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"Connect  the  two  pockets  to  your  ammeter  and  you  will  find 
that  much  more  electricity  is  flowing  than  before,  although  the 
two  pockets  take  up  much  less  space  than  the  two  hundred 
steel  plates.  The  reason  of  this  is  the  small  particles  present  a 
very  great  combined  surface  to  the  solution.  Suppose,  after 
having  made  a  great  number  of  experiments,  you  put  some  iron 
rust  or  iron  oxide  into  perforated  steel  pockets,  and  mount  a 
number  of  these  pockets  in  a  steel  grid  or  support  to  form  one 
plate  and  place  nickel  hydrate  (a  green  powder)  in  perforated 
steel  receptacles,  and  mount  them  on  another  steel  grid  to  form 
the  other  plate,  then  immerse  them  in  a  suitable  alkaline  elec- 
trolyte in  any  kind  of  container;  you  have  the  essential  elements 
of  an  Edison  cell." 

The  active  material  of  the  positive  plate  of  the  Edison  storage 
battery  is  nickel  hydrate ;  that  of  the  negative  plate,  iron  oxide. 
The  electrolyte  is  a  solution  of  potassium  hydrate.  The  active 
materials  are  perfectly  insoluble  in  the  electrolyte.  When  cur- 
rent passes,  either  on  charge  or  discharge,  the  electrolyte  is 
broken  up  into  its  component  parts,  which  react  on  the  materials 
with  the  following  results:  On  charge — Positive  oxidized,  nega- 
tive reduced.  On  discharge — Positive  reduced,  negative  oxi- 
dized. The  exact  chemical  changes  that  go  on  within  the  cell 
are  not  definitely  known,  but  those  occurring  during  discharge 
may  be  approximately  represented  by  the  following  equations: 

Positive:  8K  +  6XiO,  =  2Xi,0  +  4KX>. 
Negative:  8()H  +  3Fe  =  Fe,04  +  4H20. 

The  reverse  reactions  take  place  on  charge.  The  iron  and 
nickel  compounds  are  probably  hvdrated,  but  are  here  treated 
as  pure  oxides,  for  the  sake  of  simplicity.  It  will  be  noted  that 
the  same  amount  of  KOH  is  decomposed,  according  to  the  left- 
hand  members  of  these  equations,  as  is  re-formed,  simultane- 
ously, as  shown  on  the  right.  For  this  reason,  the  chemical 
composition,  or  specific  gravity,  of  the  solution  does  not  change 
appreciably  throughout  the  cycle  of  charge  and  discharge. 

"Iron  Clad"  Exide  Battery. — The  capacity  of  the  conventional 
pasted  type  Exide  plate  rises  in  service  for  a  time  and  then  grad- 
ually becomes  less.  The  initial  rating  is  conservative,  however, 
so  that  if  a  battery  is  given  a  proper  initial  charge  it  will  give 
its  rated  discharge  at  the  start.  This  will  gradually  increase  in 
use,  s. .  that  the  output  becomes  greater,  and  then  there  is  a 
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dropping  off  from  the  maximum.  This  rise  in  capacity  when 
the  battery  is  first  put  into  service  results  from  the  increasing 
porosity  of  the  active  material  on  the  positive  plate.  The  more 
porous  this  active  material  the  better  the  electrolyte  diffuses 
through  it  and  more  lead  peroxide  is  brought  into  action  on  each 
cycle  of  charge  and  discharge.  This  increase  in  capacity  is 
evidently  made  at  the  expense  of  the  positive  active  material, 
because  as  more  is  brought  into  action  the  active  mass  becomes 
softer,  and  the  time  comes  when  some  of  the  material  must  be 
dislodged  when  the  battery  is  charged  and  it  will  settle  to  the 
cell  bottom  in  the  form  of  sediment.  This  explains  why  the  life 
of  a  battery  is  shortened  by  too  much  charging.  The  capacity 
will  augment  just  as  long  as  the  rate  of  increase  in  the  porosity 
of  the  active  material  is  greater  than  the  rate  at  which  the  active 
loosens  from  the  plate.  After  a  period  of  use  the  loss  of  material 
will  become  greater  than  the  gain  in  porosity,  and  it  is  evident 
that  the  cell  will  begin  to  lose  capacity  when  this  condition  is 
reached. 

It  is  evident  that  if  the  positive  active  material  could  be  pre- 
vented from  dropping  off  and  still  be  maintained  in  a  healthy 
operating  condition  that  the  plates  would  have  longer  life. 
While  improvements  have  been  made  from  time  to  time  in  the 
construction  of  the  elements,  the  new  form  of  positive  was 
evolved.  This  was  accomplished  by  keeping  the  active  material 
in  position  by  utilizing  a  pencil  of  lead  peroxide  surrounding  a 
conducting  core  and  enclosed  in  a  porous  tube  having  a  sufficient 
elasticity  so  that  as  the  active  material  expanded  and  contracted, 
because  of  alterations  in  its  molecular  structure,  the  containing 
tube  compensated  for  these  variations.  The  positive  plate  of  the 
"Iron  Clad"  Exide  consists  of  an  alloy  framework  comprising 
top  and  bottom  bars  integrally  connected  by  conducting  scores 
of  the  same  metal.  The  uniform  pencils  of  active  material  sur- 
round these  cores  and  are  protected  by  horizontally  laminated 
rubber  tubes. 

Each  tube  is  formed  with  narrow  vertical  ribs  diametrically 
opposite  each  other,  which  take  the  place  of  the  spacing  ribs  on 
the  ordinary  wooden  separator  and  at  the  same  time  re-enforce 
the  tube.  By  thus  protecting  the  active  material  and  holding  it 
in  position  it  remains  active  for  a  considerable  time.  Excellent 
conductivity  and  increased  accessibility  for  the  electrolyte  are 
obtained,  thereby  making  it  possible  to  secure  a  relatively  high 
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Fig.  503.— Part  Sectional  View  of  Type  MV  15  Exide  Vehicle  Battery. 


output  from  a  comparatively  small  quantity  of  active  material. 
This  battery,  which  is  illustrated  at  Fig.  500,  A,  having  the  posi- 
tive plate  shown  at  B.  was  given  its  name  because  of  its  remark- 
able durability.  The  negative  plate  of  this  battery,  which  is 
shown  at  Fig.  500.  C,  is  of  the  same  general  construction  as  the 
regular  Exide  negatives,  but  is  made  somewhat  thicker  in  order 
t..  compensate  for  the  longer  life  of  the  positive  plate 
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The  wood  separator  used  between  the  plates  of  this  battery 
is  a  sheet  of  chemically  treated  wood  and  is  flat  on  both  sides. 
No  rubber  separators  are  required,  inasmuch  as  the  positive  plate 
provides  its  own  separator  in  having  the  ribbed  rubber  tubes 
to  retain  the  active  material.  This  is  a  very  popular  battery  for 
electric  vehicle  use,  because  it  has  a  high  discharge  voltage  and 
is  of  high  efficiency.  Flexible  pillar  strap  connectors  are  regular 
equipment  on  "Iron  Clad",Exide  batteries.  Those  consist  of 
alloy  terminals  cast  around  lead  plated  copper  strips,  which  give 
greater  conductivity  and  which  are  more  flexible  than  the  stiff 
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pillar-strap  connectors  used  with  the  Exide  standard  lead  plate 
batteries.  The  jar  is  the  same  as  used  for  the  Exide  cells  of 
similar  size.  A  special  type  of  vent  is  provided,  which  insures 
positive  retention  of  the  electrolyte,  yet  permits  the  escape  of 
gas  evolved  when  the  battery  is  charged.  The  top  of  the  vehicle 
type  cell  with  vent  in  place  is  shown  at  Fig.  500,  E.  while  the 
method  of  sealing  is  clearly  outlined  at  Fig.  500,  D. 

Construction  of  the  Edison  Vehicle  Battery. — This  is  the  only 
battery  built  of  steel.  It  is  the  only  storage  battery  having  an 
alkaline  solution  and  using  active  materials  of  nickel  hydrate 
(positive)  and  iron  oxide  (negative).  This  construction  and 
principle  are  said  to  have  important  advantages,  and  some  of 
these  are:  It  is  light  in  weight.  It  occupies  less  space.  Requires 
no  spare  parts.  Its  steel  container  is  unbreakable.  Requires 
very  little  attention.  It  suffers  small  loss  of  charge  when  idle 
and  does  not  need  frequent  hydrometer  readings.  Its  tray 
assembly  and  cell  connections  are  simple.  It  cannot  suffer  from 
sulphation  or  any  kindred  "disease."  Its  exclusive  use  elimi- 
nates the  need  of  a  battery  house.  It  is  not  subject  to  buckling 
or  growing  of  plates.  It  may  be  discharged  to  zero,  or  as  low 
as  may  be  desired,  without  fear  of  injury.  It  requires  no  internal 
cleaning,  the  active  materials  being  held  securely  in  perforated 
steel  tubes  and  pockets.  It  may  be  left  unused,  either  charged 
«>r  discharged,  for  an  indefinite  time,  without  any  attention,  and 
suffer  no  injury.  Its  cells  are  hermetically  sealed,  except  for 
the  single  filler  opening,  indicating  conclusively  that  no  plate 
renewals,  separator  renewals  or  other  repairs  are  needed  or 
expected.  It  can  be  put  on  charge  at  any  time,  regardless  of  how 
much  or  how  little  of  the  previous  charge  has  been  used ;  and 
similarly  it  may  be  taken  off  charge  at  any  time  and  used, 
whether  fully  charged  or  not. 

The  positive  plates  (Fig.  501)  consist  of  a  series  of  perforated 
steel  tubes  which  are  heavily  nickel-plated  and  which  are  filled 
with  alternate  layers  of  nickel  hydroxide  and  pure  metallic  nickel 
in  very  thin  plates.  The  tube  is  drawn  from  a  perforated  ribbon 
of  steel,  nickel-plated,  and  has  a  spiral-lapped  seam.  After  being 
filled  with  active  material  it  is  reinforced  with  eight  steel  bands, 
which  prevent  the  tube  expanding  away  from  and  breaking 
contact  with  its  contents.  The  negative  plate  consists  of  a  grid 
of  cold-rolled  steel,  also  heavily  nickel-plated,  holding  a  number 
of  rectangular  pockets  filled  with  powdered  iron  oxide.  These 
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pockets  are  also  made  up  of  finely  perforated  steel,  nickel-plated. 
After  the  pockets  are  filled  they  are  inserted  in  the  grid  and 
subjected  to  considerable  pressure  between  dies,  which  corrugate 
the  surfaces  of  the  pockets  and  force  them  into  positive  contact 
with  the  grids. 

The  elements  are  housed  in  a  jar  or  container  made  from  cold- 
rolled  steel,  which  is  thoroughly  welded  at  the  seams  and  heavily 
nickel-plated,  as  shown  at  Fig.  502.  The  plates  are  assembled 
in  positive  and  negative  groups  by  means  of  threaded  steel  rods 
passing  through  holes  in  one  corner  of  the  plates  and  insulating 
washers.  The  terminal  post  is  secured  to  the  middle  of  the  rod. 
The  complete  element  or  plate  assembly  stands  hard  rubber 
bridges  on  the  bottom  of  the  can,  and  is  kept  out  of  contact 
with  the  sides  of  the  container  by  hard  rubber  spacers  attached 
to  the  end.  The  can  cover  is  also  of  sheet  steel,  and  contains 
fittings  through  which  the  electrodes  pass,  these  being  insulated 
from  the  cover  of  bushings  of  insulating  material.  A  combined 
filling  aperture  and  vent  plug  is  secured  to  the  center  of  the 
cover  plate.  The  general  arrangement  of  the  Edison  cell  parts 
is  clearly  outlined  at  Fig.  502;  the  plate  construction  is  depicted 
at  Fig.  502,  as  well  as  the  tubes  from  the  positive  plate  and 
pockets  used  in  the  negatives. 

Storage  Battery  Defects. — The  subject  of  storage  batten* 
maintenance  was  thoroughly  covered  in  a  paper  read  by  H.  M. 
Beck  before  the  S.  A.  E.  and  published  in  the  transactions  of 
the  society.  Some  extracts  from  this  are  reproduced  in  connec- 
tion with  notes  made  by  the  writer  and  with  excerpts  from  in- 
struction books  of  battery  manufacturers  in  order  to  enable  the 
readers  to  secure  a  thorough  grasp  of  this  important  subject 
without  consulting  a  mass  of  literature.    Endeavor  has  been 

made  to  simplifv  the  technical  points  involved  and  to  make  the 

...  . 
exposition  as  brief  as  possible  without  slighting  any  essential 

points.  In  view  of  the  general  adoption  of  motor  starting  and 
lighting  systems  on  all  modern  automobiles,  the  repairman  or 
motorist  must  pay  more  attention  to  the  electrical  apparatus 
than  formerly  needed  when  the  simple  magneto  ignition  system 
was  the  only  electrical  part  of  the  automobile.  The  storage  bat- 
tery is  one  of  the  most  important  parts  of  the  modern  electrical 
systems,  and  all  up-to-date  repairmen  and  electricians  must  un- 
derstand its  maintenance  and  charging  in  order  to  care  for  cars 
of  recent  manufacture  intelligently,  as  well  as  being  able  to  un- 
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derstand  the  many  industrial  uses  considered  briefly  in  this 
volume. 

In  taking  care  of  a  storage  battery,  there  are  four  points  which 
are  of  primary  importance: 

First:  The  battery  must  be  charged  properly. 
Second :  The  battery  must  not  be  overdischarged. 


Fig.  505. — Defective  Parts  of  Automobile  Lighting  Battery  Abused  in 
Service.  A— Cracked  Hard  Rubber  Cell  Jar.  B — Burnt  Wood 
Separator.    C — Badly  Damaged  Plate. 


Third:  Short-circuits  between  the  plates,  or  from  sediment 
under  them,  must  be  prevented. 

Fourth :  The  plates  must  be  kept  covered  with  electrolyte, 
and  only  water  of  the  proper  purity  used  for  replacing  evap- 
oration. 

According  to  some  authorities  the  hydrometer  test  should  show 
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the  specific  gravity  of  the  electrolyte  as  about  1.208  or  25  degrees 
Baume  when  first  prepared  for  introduction  in  the  cell,  and  about 
1.306  or  34  degrees  Baume  when  the  cell  is  charged. 

The  following  table  gives  the  corresponding  specific  gravities 
and  Baume  degrees: 

Specific  Specific 

Baume                                         Gravity  Baume  Gravity 

0    1.000  18    1.141 

1    1.006  19    1.150 

2    1.014         20    1.160 

3   :   1.021         21    1.169 

4      1.028         22    1.178 

5    1.035         23   1.118 

6    1.043         24    1.198 

7    1.050         25    1.208 

8    1.058         26    1.218 

9   1.066         27    1.228 

10    1.074         28    1.239 

11  ./   1.082         29    1.250 

12    1.090         30    1.260 

13    1.098         31    1.271 

14    1.106         32    1.283 

15    1.115         33    1.294 

16    1.124         34    1.306 

17    1.132         35    1.318 


The  appended  conversion  formula  and  table  of  equivalents  will 
be  found  of  value  in  changing  the  reading  of  a  hydrometer,  or 
acidometer,  from  terms  of  specific  gravity  to  the  Baume  scale 
or  vice  versa. 


145 

Sp.  Gr.  =   at  60°  F. 

145  —  Baume  degrees 

Loss  of  Battery  Capacity. — When  a  battery  gives  indication 
of  lessened  capacity  it  should  be  taken  apart  and  the  trouble 
located.  If  the  cells  are  full  of  electrolyte,  it  may  be  of  too  low 
specific  gravity.  The  plates  may  be  sulphated,  due  to  lack  of 
proper  charge  or  too  long  discharge.  The  cells  may  need  clean- 
ing, a  condition  indicated  by  short  capacity  and  a  tendency  to 
overheat  when  charging.  Sometimes  a  deposit  of  sediment  on 
the  bottom  of  the  cell  will  short-circuit  the  plates.  If  the  specific 
gravity  is  low  and  the  plates  have  a  whitish  appearance,  there 
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being  little  sediment  in  the  cells,  it  is  safe  to  assume  that  the 
plates  are  sulphated.  Sediment  should  be  removed  from  the  cells 
and  the  plates  rinsed  in  rain  or  distilled  water  to  remove  particles 
of  dirt  or  other  adhering  matter. 

Sediment  in  Cells. — The  rate  at  which  the  sediment  collects 
depends  largely  upon  the  way  a  battery  is  handled,  and  it  is 
therefore  necessary  to  determine  this  rate  for  each  individual 
case.  A  cell  should  be  cut  out  after,  say,  fifty  charges,  the  depth 
of  sediment  measured  and  the  rate  so  obtained  used  to  determine 
the  time  when  the  battery  will  need  cleaning.  As  there  is  apt 
to  be  some  variation  in  the  amount  of  sediment  in  different  cells, 
and  as  the  sediment  is  thrown  down  more  rapidly  during  the 
latter  part  of  a  period  than  at  the  beginning,  it  is  always  advis- 
able to  allow  at  least  one-fourth  inch  clearance.  If  the  ribs  in 
the  bottom  of  the  jars  are  1}$  inches  high,  figure  on  cleaning 
when  the  sediment  reaches  a  depth  of  l^S  inches.  Before  dis- 
mantling a  battery  for  "washing,"  if  practical,  have  it  fully 
charged.  Otherwise,  if  the  plates  are  badly  sulphated,  they  are 
likely  to  throw  down  considerable  sediment  on  the  charge  after 
the  cleaning  is  completed. 

There  have  been  many  complaints  of  lack  of  capacity  from 
batteries  after  washing.  Almost  without  exception  this  is  found 
to  be  due  to  lack  of  a  complete  charge  following  the  cleaning. 
The  plates  are  frequently  in  a  sulphated  condition  when  dis- 
mantled, and  in  any  case  are  exposed  to  the  air  during  the  clean- 
ing process,  and  thus  lose  more  or  less  of  their  charge.  When 
reassembled,  they  consequently  need  a  very  complete  charge, 
and  in  some  cases  the  equivalent  of  the  initial  charge,  and  unless 
this  charge  is  given  the  cells  will  not  show  capacity  and  will  soon 
give  trouble  again.  This  charge  should  be  as  complete  as  that 
described  elsewhere  in  connection  with  the  initial  charge. 

Dangers  of  Flushing. — "Flushing,"  or  replacing  evaporation 
m  cells  with  electrolyte  instead  of  water,  is  a  most  common  mis- 
take. The  plates  of  a  storage  battery  must  always  be  kept  cov- 
ered with  electrolyte,  but  the  evaporation  must  be  replaced  with 
pure  water  only.  There  seems  to  be  a  more  or  less  general 
tendency  to  confuse  the  electrolyte  of  a  storage  battery  with 
that  of  a  primary  cell.  The  latter  becomes  weakened  as  the  cell 
discharges  and  eventually  requires  renewal.  With  the  storage 
battery,  however,  this  is  not  the  case,  at  least  to  anything  like 
the  same  degree,  and  unless  acid  is  actually  lost  through  slop- 
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ping"  or  a  broken  bar  it  should  not  be  necessary  to  add  anything 
but  water  to  the  cells  between  cleanings.  Acid  goes  into  the 
plates  during  discharge,  but  with  proper  charging  it  will  all  be 
driven  out  again,  so  that  there  will  be  practically  no  loss  in  the 
specific  gravity  readings,  or  at  least  one  so  slight  that  it  does 
not  require  adjustment  between  cleanings. 

Thus,  unless  some  of  the  electrolyte  has  actually  been  lost, 
if  the  specific  gravity  readings  are  low,  it  is  an  indication  that 
something  is  wrong;  but  the  trouble  is  not  that  the  readings  are 
low,  but  that  something  is  causing  them  to  be  low,  and  the  proper 
thing  to  do  is  to  remove  the  cause  and  not  try  to  cover  it  up 
by  doctoring  the  indicator.  The  acid  is  in  the  cells,  and  if  it 
does  not  show  in  the  readings  it  must  be  in  the  form  of  sulphate, 
and  the  proper  thing  to  do  is  to  remove  the  cause  of  the  sulpha- 
tion  if  there  is  one,  and  then,  with  proper  charging,  drive  the 
acid  out  of  the  plates  and  the  specific  gravity  readings  will  then 
come  back  to  the  proper  point.  The  too  frequent  practice  in 
such  cases  is  to  add  electrolyte  to  the  cells  in  order  to  bring  up 
the  readings  which,  as  already  explained,  are  only  the  indication 
of  the  trouble,  and  this  further  aggravates  the  condition,  until 
finally  the  plates  become  so  sulphated  that  lack  of  capacity 
causes  a  complaint.  This  practice  of  adding  electrolyte  to  cells 
instead  of  water  seems  to  be  becoming  more  and  more  common. 

Sulphation,  Cause  and  Cure. — When  plates  are  sulphated  to 
restore  them  to  their  original  condition  it  is  necessary  that  the 
battery  be  given  a  long,  slow  charge  at  about  a  quarter  or  a  third 
of  the  normal  charging  rate.  This  should  be  continued  until  the 
electrolyte  has  reached  the  proper  specific  gravity  and  the  volt- 
age has  attained  its  maximum. 

It  should  be  understood  that  sulphating  is  a  normal  as  well 
as  an  abnormal  process  in  the  charge  and  discharge  of  storage 
batteries,  and  the  difference  is  in  the  degree,  not  the  process. 
The  abnormal  condition  is  that  ordinarily  referred  to  by  the  term. 
In  normal  service  sulphating  does  not  reach  the  point  where 
it  is  difficult  to  reduce,  but  if  carried  too  far,  the  condition  be- 
comes so  complete  that  it  is  difficult  to  reduce  and  injury  results. 
A  very  crude  method  of  illustrating  the  different  degrees  of  sul- 
phating is  to  consider  it  as  beginning  in  individual  particles  uni- 
formly distributed  throughout  the  active  material.  Each  par- 
ticle of  sulphate  is  then  entirely  surrounded  by  active  material. 
The  sulphate  itself  is  a  non-conductor,  but,  being  surrounded 


Digitized  by  Google 


Storage  Battery  Defects 


837 


lry  active  material,  the  current  can  reach  it  from  all  sides  and  it 
is  easily  reduced.  This  is  normal  sulphate.  As  the  action  goes 
further  the  particles  of  sulphate  become  larger  and  join  together 
and  their  outside  conducting  surface  is  greatly  reduced  in  com- 
parison with  their  volume,  so  that  it  becomes  increasingly  diffi- 
cult to  reduce  them,  and  we  have  abnormal  sulphate. 

Slow  Charge  Cures  Sulphation. — The  general  cure  for  sulphat- 
ing  is  charging,  so  that  a  cell,  having  been  mechanically  restored, 
the  electrical  restoration  consists  simply  in  the  proper  charging. 
Sulphate  reduces  slowly,  and  on  this  account  it  is  a  good  plan 
to  use  a  rather  low  current  rate.    High  rates  cause  excessive 
gassing,  heating,  and  do  not  hasten  the  process  appreciably,  so 
that  it  is  the  safer  as  well  as  the  more  efficient  plan  to  go  slowly. 
A  good  rate  is  about  one-fifth  normal.    The  length  of  charge 
will  depend  upon  the  degree  of  sulphating.    In  one  actual  case 
it  required  three  months'  charging  night  and  day  to  complete 
the  operation,  but  this  was,  of  course,  an  exceptional  one.  The 
aim  should  be  no  further  increase  for  at  least  ten  hours  and  an 
absolute  maximum  has  been  reached.    In  serious  cases  it  may 
he  advisable  to  even  exceed  this  time  in  order  to  make  absolutely 
Mire  that  all  sulphate  is  reduced,  and  where  there  is  any  question 
it  is  much  safer  to  charge  too  long  rather  than  to  risk  cutting 
off  too  soon.    A  partial  charge  is  only  a  temporary  expedient; 
the  cell,  still  being  sulphated,  will  drop  behind  again. 

The  Gould  Storage  Battery  Company  give  a  number  of  char- 
acteristics by  which  cells  in  poor  condition  may  be  recognized 
in  addition  to  the  usual  hydrometer  readings.  The  plates  may 
be  of  poor  color;  the  color  of  a  wet  positive  plate  in  good  condi- 
tion varies  from  a  rich  dark  brown  (almost  black)  if  the  plate 
is  fully  charged,  to  a  reddish,  fairly  dark  brown  when  discharged. 
V  light  grayish  coating  on  the  positive  plates  is  not  a  bad  indi- 
cation, if  by  rubbing  with  a  clean  stick  or  piece  of  hard  rubber 
a  good  color  is  evident  immediately  under  the  surface.   The  color 

• 

is  much  lighter  for  dried  plates.  The  wet  negatives  are  of  a 
"ght  slate  gray  if  charged  and  somewhat  darker  if  discharged. 
When  dry  they  are  considerably  lighter,  and  may  even  be  some- 
what yellowish  if  allowed  to  heat  in  drying.  If  the  color  of  the 
p'ates  is  not  as  described  they  arc  probably  considerably  sul- 
] 'hated.  If  the  cell  voltage  is  markedly  lower  on  discharge  or 
higher  on  charge  than  it  should  be,  sulphating  is  also  indicated. 
It  the  acid  strength  is  low,  the  cell  should  be  investigated  for 
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short-circuits  or  sulphated  plates.  Always  be  sure  that  the  sedi- 
ment does  not  touch  the  plates.  It  must  be  removed  as  soon  as 
there  is  danger  of  this  occurring. 

Cause  of  Plate  Deterioration. — Plates  may  get  in  poor  condi- 
tion from  the  following  causes  :  1st,  Impure  Electrolyte  :  Either 
a  poor  quality  used  at  the  start,  or  through  the  use  of  impure 
water  or  through  foreign  substances  getting  into  the  cells.  The 
remedy  in  this  case,  if  the  plates  are  physically  in  fair  condition, 
is  to  replace  the  old  electrolyte  with  new,  the  cells  being  in  a 
discharged  condition,  and  then  thoroughly  charge  the  battery. 

2nd,  Short-Circuits :  These  are  not  frequent  if  the  sediment  is 
removed  before  it  touches  the  plates,  as  the  wash  of  the  electro- 
lyte in  most  vehicle  batteries  resulting  from  the  movement  of  the 
car  would  tend  to  free  them.  If  they  do  occur,  the  cell  should 
be  completely  dismantled,  the  plates  straightened  and  the  cell 
assembled  again,  the  separators  being  completely  replaced.  The 
cell  should  then  be  thoroughly  charged. 

3rd,  High  Temperature:  At  temperatures  above  100°  F.  corro- 
sion is  quite  rapid,  and  this  limit  must  be  exceeded.  If  possible, 
the  temperature  should  not  exceed  90°  F.  The  positive  may  be 
sulphated  considerably  from  this  cause  and  the  plates  grown 
abnormally  and  distorted.  If  they  are  thoroughly  corroded  they 
must  be  replaced ;  if  not,  they  should  be  straightened  and  thor- 
oughly charged.  The  conditions  should  be  changed  so  that  the 
battery  will  not  again  be  subjected  to  the  high  temperature. 

4th,  Standing  Discharged:  The  positive  plates  especially  may 
be  badly  sulphated  from  this  cause.  The  indication  of  this  con- 
dition is  a  light  color  of  the  positive  plates,  possibly  with  blotches 
of  a  grayish  color.  The  remedy  in  this  case  is  also  complete 
charge,  though  care  must  be  taken  that  too  much  active  material 
is  not  thrown  off  during  the  charge.  Under  these  conditions  the 
active  material  is  granular  and  non-cohesive,  so  care  is  needed 
in  charging  and  discharging  to  restore  the  plates  to  efficiency. 

Making  Electrolyte. — Electrolyte,  as  used  in  all  lead  plate 
types  of  batteries,  consists  of  a  mixture  of  pure  sulphuric  acid 
and  distilled  or  other  pure  waters.  Concentrated  sulphuric  acid 
is  a  heavy,  oily  liquid,  having  a  specific  gravity  of  about  1.835. 
A  battery  will  not  operate  if  the  acid  is  too  strong,  and  it  is 
therefore  diluted  with  sufficient  pure  water  to  bring  it  to  a  gravity 
of  1.270  or  1.300  for  a  fully  charged  battery.  Stronger  electro- 
lyte than  this  is  injurious.  To  prepare  electrolyte  from  sulphuric 
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acid  of  1.835  specific  gravity,  mix  with  water  in  the  proportions 
indicated  in  Fig.  507  for  the  desired  specific  gravity,  taking  the 
following  precautions:  Use  a  glass  or  earthenware  vessel,  never 
metallic.  Carefully  pour  the  acid  into  the  water,  never  water 
into  acid.  Stir  thoroughly  with  wooden  paddle  and  allow  to  cool 
before  reading  the  gravity. 

Both  the  water  and  the  sulphuric  acid  used  in  making  electro- 
lyte should  be  chemically  pure  to  a  certain  standard.    This  is 
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the  same  standard  of  purity  as  is  usually  sold  in  drug  stores  as 
"CP"  (chemically  pure),  or  by  the  chemical  manufacturers  as 
"battery  acid." 

Electrolyte  made  from  sulphuric  acid  meeting  the  following 
specifications  will  be  satisfactory: 

Sulphuric  acid  to  be  high  grade,  either  the  so-called  "Brim- 
stone Oil  of  Vitriol"  or  "Contact  Process  Acid"  made  from  sul- 
phur of  good  quality.  Must  be  water-white  in  color  and  show 
no  sediment  on  standing. 

By  analysis,  impurities  must  not  exceed  the  following: 


Platinum    None 

Arsenic    Trace 

Manganese    Trace 

Iron    0.005% 

Chloride    0.001% 

Nitrogen  in  any  form    0.01  % 

Copper    0.002% 

Sulphurous  acid    None 

Organic  matter    None 


Must  be  free  from  all  substances  other  than  stated  above. 

As  great  care  is  exercised  in  the  manufacture  of  storage  bat- 
tery plates  and  in  the  furnishing  of  acid  to  secure  a  high  degree 
of  purity,  obviously  attention  should  be  paid  to  the  purity  of  the 
water  used  both  in  the  dilution  of  concentrated  acid,  if  this  is 
attempted,  and  replacing  the  loss  cells  occasioned  by  evaporation 
and  overcharge.  The  frequent  addition  of  water  required  to 
replace  evaporation  leads  eventually  to  a  concentration  of  any 
impurities  which  it  may  contain.  As  ordinary  water  supplies 
are  not  pure,  their  use  is  always  questionable.  Water  from 
natural  sources  should  be  used  only  with  the  approval  of  com- 
petent chemists.  Rain  water  should  not  be  used  if  distilled 
water  is  available,  as  it  often  contains  traces  of  nitric  acid  and 
ammonia,  either  of  which  is  harmful  to  storage  batteries.  Dis- 
tilled water  is  preferable  and  should  always  be  used  unless 
otherwise  advised  by  the  chemists.  The  water  should  be  stored 
in  carboys  or  thoroughly  cleaned  whiskey  barrels.  Water  ob- 
tained by  condensing  the  exhaust  from  engines  and  which  may 
thus  contain  cylinder  oil  and  other  impurities  should  never  be 
used  for  battery  purposes.  In  cleaning  batteries  the  ordinary 
tap  water  may  be  used  provided  it  does  not  contain  a  great 
quantity  of  impurities. 
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In  this  connection,  the  expression  "chemically  pure"  acid  is 
often  confused  with  acid  of  "full  strength."  Acid  may  be  of 
full  strength  (approximately  1.835  sp.  gr.)  and  at  the  same  time 
chemically  pure.  If  this  chemically  pure  acid  of  full  strength 
be  mixed  with  chemically  pure  water,  the  mixture  would  still 
be  chemically  pure,  but  not  of  full  strength.   On  the  other  hand, 


Fig.  508. — Automatic  Filler  for  Renewing  Water  Supply  in  Edison 

Alkaline  Cell. 


if  a  small  quantity  of  some  impurity  be  introduced  into  chemi- 
cally pure  acid,  it  would  not  materially  reduce  the  strength,  but 
would  make  it  impure. 

The  usual  method  of  determining  the  strength  of  electrolyte 
is  by  taking  its  specific  gravity.  The  method  is  possible  on 
account  of  the  fact  that  sulphuric  acid  is  heavier  than  water. 
Therefore,  the  greater  the  proportion  of  acid  contained  in  the 
electrolyte  the  heavier  the  solution  or  the  higher  its  specific 
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gravity.  By  specific  gravity  is  meant  the  relative  weight  of 
any  substance  compared  with  water  as  a  basis.  Pure  water, 
therefore,  is  considered  to  have  a  specific  gravity  of  1,  usually 
written  1.000  and  spoken  of  as  "ten  hundred."  One  pound  of 
water  is  approximately  one  pint.  An  equal  volume  of  concen- 
trated sulphuric  acid  (oil  of  vitriol)  weighs  1.835  pounds.  It 
therefore  has  a  specific  gravity  of  1.835  and  is  spoken  of  as 
"eighteen  thirty-five." 

Since  electrolyte,  like  most  substances,  expands  when  heated, 
its  specific  gravity  is  affected  by  a  change  in  temperature.  For 
the  convenience  of  the  operator,  the  following  table  is  given  to 
show  the  variation  in  the  electrolyte  specific  gravity  at  various 
temperatures  likely  to  be  met  with  in  service : 

lU-Rrtes  Fahr.  Specific  Gravity 

106    1.208 

97   „   1.211 

88    1.214 

79    1.217 

70  normal   i   1.220  normal 

61    1.223 

52    1.226 

43    1.229 

34    1.232 

25    1.235 

16    1.238 

7    1.241 

The  solution  must  be  allowed  to  stand  several  hours  to  cool. 
Wver  add  hot  or  even  warm  electrolyte  to  a  cell,  as  the  plates 
are  liable  to  be  dangerously  sulphatcd  thereby.  The  strength 
of  the  resultant  solution  should  always  be  checked  by  hydrom- 
eter readings  reducing  the  latter  to  70  degrees  Fahr. 

Features  of  the  Edison  Cell. — The  instructions  given  apply 
only  to  batteries  of  the  lead  plate  type  and  not  to  the  Edison 
battery,  which  is  entirely  different  in  construction.  The  Edison 
cell  uses  an  electrolyte  consisting  of  21  per  cent  solution  of 
potash  in  distilled  water,  so  that  the  electrolyte  is  alkaline  in- 
stead of  acidulous.  For  six-volt  ignition  and  lighting  service  it 
is  necessary  to  use  five  cells  owing  to  the  lesser  voltage  of  the 
Fdison  batteries.  The  average  voltage  during  discharge  is  but 
1.2  volts  per  cell,  and  is  not  as  constant  as  is  the  case  with  a 
lead  battery,  the  voltage  of  which  may  be  as  high  as  2.5  volts 
per  cell. 
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An  Edison  6.5-volt  battery  used  for  lighting  or  ignition  may- 
be charged  completely  in  ten  hours.  A  feature  of  the  Edison 
battery  is  that  overcharging  at  the  normal  rate  has  no  harmful 
effects,  and  it  is  advised  by  the  maker  to  give  the  battery  a 
twelve-hour  charge  once  every  60  days  or  when  the  electrolyte 
is  replenished.  The  electrolyte  must  be  kept  sufficiently  high 
so  as  to  cover  the  plates,  and  any  loss  by  evaporation  must  be 
compensated  for  by  the  addition  of  distilled  water.  Another  fea- 
ture in  which  the  Edison  battery  is  superior  to  the  lead  plate 
type  is  that  the  plates  will  not  be  injured  if  the  cells  are  allowed 
to  stand  in  a  discharged  condition.  The  external  portions  of  the 
cells  must  be  kept  clean  and  dry,  because  the  container  or  can 
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is  made  of  a  conducting  material.  The  vent  caps  must  be  kept 
closed,  except  when  replacing  electrolyte  or  bringing  the  level 
up  to  the  proper  height  by  adding  distilled  water.  Care  should 
be  taken  to  avoid  short-circuiting  of  the  battery  by  tools  or 
metal  objects,  and  special  emphasis  is  laid  on  the  precaution 
that  no  acid  or  electrolyte  containing  acid  be  poured  into  the 
cells.  It  is  said  that  the  Edison  battery  has  a  longer  life  than 
the  lead  plate  type  of  equal  capacity.  An  automatic  filler  for 
Edison  cells  is  shown  at  Fig.  508. 

Equipment  for  Battery  Charging. — The  equipment  to  be  used 
in  charging  storage  batteries  depends  entirely  upon  the  type 
and  size  of  batteries  to  be  charged,  the  current  voltage  and  char- 
acter available  for  charging,  and  the  individual  characteristics 
of  the  batteries  themselves.  Storage  batteries  can  be  charged 
only  with  direct  current,  i.e.,  that  which  flows  always  from  the 
same  direction.  It  is  evident  that  the  use  of  alternating  current, 
if  the  mains  were  attached  directly  to  the  battery,  would  result 
in  rapid  changes  in  the  interior  of  the  cells,  and  as  the  flow  in 
one  direction  would  tend  to  neutralize  that  in  the  other,  the 
plates  would  depreciate  very  rapidly.  If  alternating  current  is 
the  only  kind  available,  this  must  be  transformed  or  rectified 
into  direct  current.  All  cells  cannot  be  charged  at  the  same 
rate.  The  greater  the  capacity  of  the  battery  and  the  higher 
its  discharge  rate,  the  greater  the  amperage  of  the  current  that 
can  be  used  in  charging.  While  the  voltage  of  a  storage  battery 
made  of  certain  materials  will  not  vary  with  the  size,  the  am- 
perage or  current  output  increases  with  the  plate  size  and  num- 
ber. A  lead-plate  storage  battery  no  longer  than  a  thimble  will 
have  just  as  high  voltage  as  one  as  big  as  a  barrel.  It  will  be 
evident,  however,  that  if  too  much  current  is  passed  through  a 
small  cell  it  will  be  injured,  whereas  too  little  current  passed 
through  a  large  cell  will  have  but  little  effect  on  changing  the 
character  of  the  plates. 

There  are  two  general  methods  in  use  for  charging  either  the 
sulphuric-acid-lead  batteries  or  the  alkali-nickel-iron  batteries 
used  in  the  various  commercial  applications.  The  first  method, 
and  the  one  most  widely  followed,  is  called  the  constant-current 
system.  The  other  system,  which  has  only  received  attention 
lately,  is  called  the  constant-potential  method.  Two  other 
schemes  are  used  also  which  are  modifications  of  the  two  previ- 
ously named  general  methods,  one  known  as  the  multiple  volt- 
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age  system,  the  other  as  a  fixed  resistance  method.  The  con- 
stant potential  method  is  said  to  offer  a  number  of  advantage?. 
There  is  less  evaporation  of  electrolyte  and  less  shifting  oi 


Fig.  510.— Battery  Charging  Rheostat. 

rheostats  is  needed.  Any  form  of  battery  may  be  charged  by 
means  of  a  fixed  resistance  connected  in  series.  When  the  bat- 
tery counter  electromotive  force  is  nearly  equal  to  the  voltage 
of  the  line,  this  method  approximates  the  general  characteristics 
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of  the  constant  potential  system.  If  the  voltage  of  the  battery 
is  considerably  less  than  that  of  the  charging  current,  the  char- 
acteristics will  approximate  the  constant-current  charging  meth- 
od. It  may  be  stated  that  the  variation  in  the  current  used  for 
charging  is  inversely  proportional  to  the  difference  between  the 


Battery 


Fig.   511.— Battery-Charging   Outfit,   Having   Field-Coil  Rheostat. 

maximum  counter  voltage  of  the  battery  and  the  potential  or 
voltage  of  the  supply  circuit. 

Charging  from  Direct  Current. — When  a  direct  current  of  110 
volts  potential  is  available  Edison  batteries  composed  of  60  cells 
or  lead-plate  batteries  of  40  to  44  cells  may  be  charged  directly 
from  the  line  by  means  of  a  rheostat  to  regulate  the  amount  of 
current  passing  through  the  batteries,  which  is  placed  in  series 
with  each  battery.    If  the  service  is  of  higher  voltage,  a  motor 
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generator  or  rotary  converter  set  may  be  used.  If  alternating 
current  only  is  available,  various  types  of  rectifiers  are  needed. 
If  only  one  battery  is  to  be  charged  and  if  the  voltage  of  the  gen- 
erator can  be  adjusted  by  means  of  a  rheostat  connected  in  series 
with  the  field  coils  of  the  dynamo,  as  shown  at  Fig.  511,  then 
no  rheostat  will  be  needed  between  the  battery  and  the  dynamo, 
because  the  charging  current  can  be  kept  to  the  proper  value  by 
varying  the  dynamo  voltage.  When  a  mercury  arc  rectifier  is 
employed  in  battery  charging,  the  charging  current  can  be  regu- 
lated by  control  dials  and  a  rheostat  is  not  needed.  The  various 
types  of  rectifiers  suitable  for  use  with  alternating  current  are 
to  be  described  in  proper  sequence.  Rotary  converters  may  be 
used  with  either  direct  or  alternating  current,  depending  entirely 
upon  the  type  of  motor  used.  It  is  evident  that  the  dynamo  of 
such  a  combination  must  always  be  of  the  direct-current  type, 
though  its  output  will  vary  according  to  the  power  of  the  actu- 
ating motor,  the  method  of  winding,  and  wire  used  in  field  arma- 
ture coils.  The  motor  may  be  a  direct-current  type,  wound  for 
high  voltage,  or  it  may  be  a  type  wound  to  operate  on  alternating 
current.    (See  Fig.  512A.) 

Typical  Battery  Charging  System. — The  arrangement  of  the 
essential  parts  of  a  typical  battery-charging  system  where  the 
current  value  is  altered  by  a  dynamo  field-coil  rheostat  is  shown 
at  Fig.  511.  A  shunt-wound  generator  is  employed,  and  the  main 
leads  from  the  armature  brushes  are  connected  to  the  lower  pole? 
of  a  double-pole  knife-switch.  The  battery  is  connected  to  the 
upper  portion  of  the  switch,  an  amperemeter  being  placed  in 
circuit  as  indicated.  The  hinges  of  a  small  double-throw,  double- 
pole  switch  are  connected  with  a  voltmeter.  The  amperemeter 
and  voltmeter  should  be  of  the  permanent  type.  Before  throw- 
ing in  the  charging  switch  it  is  possible  to  read  the  voltage  of 
the  battery,  and  also  by  throwing  the  switch  to  read  that  of  the 
charging  generator  so  that  it  may  be  adjusted  to  a  slightly 
greater  voltage.  The  main  switch  is  then  closed  and  the  rheo- 
stat used  to  raise  the  voltage  sufficiently  to  drive  a  suitable 
charging  current  through  the  battery.  With  a  system  of  this 
kind  a  circuit  breaker  or  automatic  overload  switch  should  be 
included  in  the  main  line  to  protect  the  apparatus  in  case  of 
accidental  short  circuit.  An  underload  circuit  breaker  should 
also  be  provided  to  shut  off  the  battery  if  the  current  falls  to 
such  a  point  that  the  battery  will  discharge  through  the  gener- 
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ator.  These  are  not  shown  in  the  simplified  wiring  diagram, 
neither  are  the  fuses  that  prudence  dictates  should  be  used. 

Charging  from  Alternating  Current. — In  most  communities 
the  incandescent  lighting  circuit  is  used  for  charging  batteries 
on  account  of  the  voltage  of  the  power  circuits  being  too  high. 
The  incandescent  lighting  circuit  may  be  any  one  of  six  forms. 


Fig.  512.— Direct-Current  Battery-Charging  Outfit,  with  Rheostat  in  Line 
Between  Battery  and  Main-Line  Switch. 

A  direct  current  of  either  110  or  220  volts  used  over  short  dis- 
tances, either  220  or  440  volts  on  three-wire  circuits  over  long 
distances,  alternating  current  at  a  constant  potential,  usually 
110  volts,  and  in  various  polyphase  systems.  It  might  be  stated 
that  in  the  majority  of  instances  house  and  garage  lighting  cir- 
cuits furnish  direct  current  of  110  volts. 

Mercury  Rectifier  Bulb.— One  of  the  most  commonly  used 
rectifying  means  is  the  mercury  arc  bulb.  This  device  is  a  large 
glass  tube  of  peculiar  shape,  as  shown  at  Fig.  514,  which  con- 
tains a  quantity  of  mercury  in  the  base.  On  either  side  of  this 
lower  portion  two  arms  of  the  glass  bulbs  extend  outwardly, 
these  being  formed  at  their  extremities  into  graphite  terminals 
or  anodes,  indicated  as  A  and  A-l  in  the  diagram  at  Fig.  515. 
The  current  from  the  auto  transformer  is  then  attached  one  to 
each  side.    The  base  forms  the  cathode  or  mercury  terminal  for 
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the  negative  wires.  The  theory  of  this  action  is  somewhat  com- 
plicated, but  may  be  explained  simply  without  going  too  much 
into  detail.  The  interior  of  the  tube  is  in  a  condition  of  partial 
vacuum,  and  while  the  mercury  is  in  a  state  of  excitation  a  vapor 
is  supplied.   This  condition  can  be  kept  up  only  as  long  as  there 
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Fig.  513. — Westinghouse  Mercury  Arc  Rectifier.    A  Shows  the  Front 
View.    B  Shows  Rear  of  Panel  Showing  Bulb. 

is  a  current  flowing  toward  the  negative.  If  the  direction  of  the 
current  be  reversed,  so  that  the  formerly  negative  pole  becomes 
a  positive,  the  current  ceases  to  flow,  as  in  order  to  pass  in  the 
opposite  direction  it  would  require  the  formation  of  a  new 
cathode  element.  Therefore,  the  flow  is  always  toward  one 
electrode,  which  is  kept  excited  by  it.  A  tube  of  this  nature 
would  cease  to  operate  on  alternating-current  voltage  after  half 
a  cycle  if  some  means  were  not  provided  to  maintain  a  flow  con- 
tinuously toward  the  negative  electrode. 

In  the  General  Electric  rectifier  tube  there  are  two  anodes  and 
one  cathode.  Each  of  the  former  is  connected  to  a  separate  side 
of  the  alternating  current  supply  and  also  through  reactances 
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to  one  side  of  the  load  and  the  cathode  to  the  other.  As  the 
current  alternates,  first  one  anode  and  then  the  other  becomes 
positive,  and  there  is  a  continuous  flow  toward  the  mercury 
cathode,  thence  through  the  load  (in  this  case  the  battery  to  be 
charged),  and  back  to  the  opposite  side  of  the  supply  through 
a  reactance.  At  each  reversal  the  latter  discharges,  thus  main- 
taining the  arc  until  the  voltage  reaches  the  value  required  to 
maintain  the  current  against  the  counter  E.M.F.  and  also  re- 
ducing the  fluctuations  in  the  direct  current.   In  this  way  a  true 


Fig.  513C. — Small  Rectifier  for  Charging  Storage  Batteries  of  Starting 
and  Ignition  Systems  of  Gasoline  Automobiles. 

continuous  flow  is  obtained,  with  very  small  loss  in  transforma- 
tion. A  small  electrode  connected  to  one  side  of  the  alternating 
circuit  is  used  for  starting  the  arc.  A  slight  tilting  of  the  tube 
makes  a  mercury  bridge  between  the  terminal  and  draws  an  arc 
as  soon  as  the  tube  is  turned  to  a  vertical  position.  The  ordi- 
nary form  used  for  vehicle  batteries  has  a  maximum  current  ca- 
pacity of  30  amperes  for  charging  the  lead  plate  type,  and  a 
larger  form,  intended  for  use  with  Edison  batteries,  yields  up  to 
a  limit  of  50  amperes. 

When  batteries  are  to  be  charged  from  a  direct  current  it  is 
possible  to  use  a  rheostat  to  regulate  the  voltage  at  the  termi- 
nals.   The  construction  of  a  rheostat  is  very  simple,  as  it  con- 
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sists  only  of  a  group  of  high-resistance  coils  of  wire  mounted  in 
insulating  material,  and  having  suitable  connections  with  seg- 
ments on  the  base  plate,  upon  which  is  mounted  the  operating 
arm  that  makes  the  contact. 

Water  Resistance  for  Discharging. — A  water  resistance  is 
easily  constructed  by  using  a  small  wooden  tub  or  half  barrel. 
Two  sheet-lead  plates  are  suspended  from  wood  sticks  resting 
on  top  of  the  tub,  the  supports  being  movable  to  bring  the  lead 
plates  closer  together  or  separate  them,  as  desired.    A  wire  is 


Fig.  514. — Mercury  Rectifier  Bulbs  and  Methods  of  Wiring  to  Charge 
Storage  Battery  from  Alternating-Current  Mains. 
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brought  from  the  battery,  as  shown  in  Fig.  516,  to  one  side  of 
the  switch,  then  to  one  of  the  plates  in  the  water  resistance, 
then  from  the  other  plate  of  the  water  resistance  to  an  ammeter; 
to  the  other  side  of  the  switch  and  from  there  to  the  opposite 
pole  of  the  battery.  Such  a  resistance  is  used  for  making  a  test 
discharge  of  a  vehicle  battery  ;  it  would  not  be  a  very  practical 
way  of  charging  batteries  because  of  the  great  absorption  of 


Fig.  515. — Wiring  Diagram  Defining  Use  of  Mercury  Arc  Rectifiers. 

current  by  the  water.  Before  starting  a  discharge,  care  should 
be  taken  to  have  the  lead  plates  and  wires  separated.  The  tub 
can  then  be  filled  with  clean  water  and  the  switch  closed.  A 
small  quantity  of  electrolyte  should  then  be  poured  in  the  water, 
a  very  little  at  a  time,  until  the  ammeter  shows  that  the  proper 
amount  of  current  is  flowing.  The  farther  apart  the  plates  are, 
the  greater  the  resistance.  As  more  electrolyte  is  added,  even 
if  the  plates  are  not  disturbed,  the  resistance  becomes  less.  Never 
let  the  plates  touch  each  other. 
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Charging  Vehicle  Batteries  of  Lead-Plate  Type. — The  follow- 
ing extracts  on  modern  eiectric  vehicle  batteries  are  reproduced 
from  an  article  by  J.  H.  Tracy  and  with  the  permission  of  the 
Electric  Storage  Battery  Company,  who  issue  the  complete  dis- 
cussion in  their  Bulletin  Xo.  156.  These  instructions  do  not 
apply  to  all  types  of  lead-plate  batteries,  however,  but  refer  to 
the  latest  vehicle  types  made  by  this  company. 

"To  the  user  of  lead  acid  storage  batteries  in  self-propelled 
vehicles,  the  steady  improvement  of  recent  years  is  hardly 


Voltmeter  Ammeter 


Fig.  516.— Method  of  Charging  24-Ccll  Vehicle  Battery  at  A.  How 
Water  Rheostat  is  Used  in  Making  Test  Discharge  Outlined  at  B. 
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noticeable  to  the  eye,  although  there  has  been  an  increase  in  the 
watt-hour  capacity  of  the  battery  per  unit  of  space  and  weight, 
and  also  in  the  serviceable  life  of  the  battery.  There  has  also 
been  a  marked  advance  in  the  permissible  rates  of  charge  and 
discharge,  which  has  added  so  much  to  the  flexibility  of  opera- 
tion as  to  permit  the  use  of  much  smaller  batteries  than  would 
have  been  considered  a  few  years  ago  in  the  same  service.  The 
following  article  explains  the  permissible  rates  of  discharge  and 


Fig.  517.— Theoretical  Variation  in  Charging  Rate  When  the  Rate  in 
Amperes  Equals  the  Ampere-Hours  Out  of  the  Battery. 


the  behavior  of  batteries  under  operating  conditions  which  a  few 
years  ago  were  considered  prohibitive: 

"It  can  be  safely  said  that  high  rates  of  discharge  are  in  no 
way  detrimental  to  modern  lead  battery  plates.  Batteries  of 
the  vehicle  type  are  in  regular  operation  under  conditions  in 
which  practically  all  their  work  is  done  at  rates  which  would 
empty  the  battery  in  ten  minutes,  and  the  same  batteries  would 
be  sold  to  operate  at  the  three-minute  rate  if  there  were  a  com- 
mercial demand  for  such  operation.  For  such  high  rates  of  dis- 
charge extra  heavy  terminals  are  provided  to  carry  the  current, 
no  other  changes  being  required. 

"It  is  well  known  that  when  discharged  continuously  at  con- 
stant rate  the  available  ampere-hour  capacity  of  a  battery  is 
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Time  Available  until  next  Adjustment  of  Charging  Current. 
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Explanation. — In  the  left-hand  column  find  the  figure  nearest  to 
the  ampeie-hours  discharged  from  the  battery;  follow  across  to  the 
column  headed  by  the  available  time.  The  figure  at  this  intersection 
is  the  current  to  be  used. 

Example. — Ampere-hour  meter  reading,  103  ampere-hours  dis- 
charged; time  available  for  boosting,  one  hour.  Start  at  100  in  the 
left-hand  column;  follow  across  to  the  column  headed  1  hour  and  find 
50,  which  is  the  current  to  be  used. 

Fig.  518.— Table  of  Charging  Rates. 

a  function  of  the  rate  of  discharge,  the  available  capacity  being 
lower  at  the  higher  rates.  This  reduction  in  available  capacity 
at  the  higher  rates  of  discharge  is  due  to  depletion  of  the  acid 
in  the  pores  of  the  plates.  The  rate  of  this  depletion  is  the  dif- 
ference between  the  rate  of  absorption  by  the  plates  of  the  acid 
that  is  in  the  pores  of  the  plates  and  the  rate  at  which  this  acid 
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is  renewed  by  diffusion  with  the  other  acid  in  the  cell.  It  is  the 
limit  of  this  available  acid  that  limits  the  capacity  of  the  battery 
at  high  rates  of  discharge,  and  not  any  limitation  in  the  plates 
themselves.  It  is.  therefore,  impossible  to  damage  the  plates  by 
overdischarge  at  high  discharge  rates.  In  fact,  very  low  rates 
of  discharge  should  receive  more  careful  consideration  than  very 
high  rates. 

"In  general,  a  battery  may  be  charged  at  any  time  when  a 
charge  will  be  useful,  and  at  any  rate  which  will  not  cause  tht 
temperature  of  the  battery  to  exceed  110  degrees  F.  and  which 
will  not  cause  the  cells  to  gas  freely  except  at  low  rates  of  charge. 
If  these  conditions  can  be  watched,  no  further  directions  or  limi- 
tations need  to  be  considered.  As  it  is  not  always  possible  to 
watch  these  conditions,  several  methods  of  charging  have  been 
worked  out  which  reduce  the  amount  of  attendance  required 
while  charging,  and  which  permit  the  selection  of  the  most  eco- 
nomical way  to  charge  the  battery  under  any  particular  set  ot 
local  conditions,  while  assuring  that  the  above  limitations  will 
not  be  exceeded." 

Maximum  Permissible  Rate. — A  general  rule  for  determining 
permissible  rate  of  charging  a  battery  is  :  The  charging  rate  in 
amperes  must  never  exceed  the  ampere-hours  out  of  the  battery 
Any  method  of  charging  that  keeps  the  charging  current  within 
this  limit  will  not  overheat  the  battery  or  cause  it  to  gas.  li 
applying  this  rule  it  is  not  necessary  to  reduce  the  charging  rati 
below  the  "finishing"  rate  recommended  by  the  battery  manu- 
facturers.   If  an  ampere-hour  meter  is  used  on  the  vehicle,  SO 
arranged  as  to  indicate  the  ampere-hours  out  of  the  battery,  i*. 
also  indicates  at  all  times  the  maximum  permissible  charging 
rate.    It  will  be  noted  that  the  maximum  charging  rates  are  no 
longer  a  function  of  the  size  of  the  battery  or  its  relative  state 
of  discharge,  but  depend  only  on  the  actual  state  of  discharge 
The  curve  in  Fig.  517  shows  in  percentage  the  theoretical  varia- 
tion in  charging  rate  and  also  in  state  of  charge  if  a  battery  were 
charged  strictly  in  accordance  with  this  rule,  and  this  represents 
the  method  by  which  a  battery  may  be  safely  charged  in  a  mini 
mum  time  in  regular  operation. 

It  is  evident  that  very  wide  latitude  for  proper  charging  U 
offered  from  which  to  select  the  best  way  to  charge  a  battery 
under  any  given  local  conditions.  If  the  vehicle  is  equipped  with 
an  ampere-hour  meter  the  readings  of  this  meter  may  be  talaa 
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as  the  basis  for  selecting  a  charging  rate  which  may  be  used  for 
a  particular  length  of  time,  so  that  at  the  end  of  that  time  the 
charging  rate  will  be  at  the  maximum  permissible  rate,  at  which 
time  the  rate  should,  of  course,  be  reduced.  It  follows  from  the 
general  rule  for  charging  that,  if  R  =  permissible  charging  rate, 
D  —  ampere-hours  out  of  the  battery  at  the  start  of  the  charge 
(reading  of  the  ampere-hour  meter)  and  T  =  times  in  hours 
until  the  current  can  be  adjusted,  then  R  —  D  (-f-  T)  =  max- 
imum permissible  charging  rate  for  T  hours,  and  at  the  end  of 
T  hours  the  charging  rate  will  equal  the  reading  of  the  ampere- 
hour  meter.  This  value  can  again  be  divided  by  1  -f-  T  for  the 
new  charging  rate,  and  so  on  until  the  charge  can  be  finished 
at  the  finishing  rate.  If  it  is  desired  to  charge  the  battery  rap- 
idly, the  time  T  should  be  taken  as  short  as  possible.  For  con- 
venience Table  I,  given  in  Fig.  518,  calculated  from  this  formula, 
is  given.  This  table  is  of  use  not  only  in  the  charging- room,  but 
also  for  the  determination  of  the  best  manner  for  charging  vehi- 
cles under  any  contemplated  conditions  and  for  the  selection  ot 
charging  equipment  to  meet  the  requirements  of  these  conditions. 

Ampere-hour  Meter  Indiqations  as  Basis  for  Charging. — It 
should  be  carefully  noted  that  if  an  ampere-hour  meter  is  made 
the  basis  for  charging  a  battery,  care  must  be  taken  to  be  sure 
that  the  meter  indicates  as  nearly  as  possible  the  real  state  of 
charge  of  the  battery.  An  accurate  record  of  the  ampere-hours 
discharge  from  a  battery  does  not  give  an  accurate  measure  of 
the  ampere-hours  necessary  to  fully  recharge  it,  for  there  are 
certain  variable  losses  in  the  battery  which  the  ampere-hour 
meter  cannot  measure.  In  fact,  there  is  no  accurate  way  to  pre- 
determine exactly  how  many  ampere-hours  charge  may  be  neces- 
sary to  fully  charge  a  battery,  nor  is  it  necessary  in  ordinary 
service  that  the  battery  be  really  completely  recharged  daily.  An 
ordinary  clock  is  not  an  accurate  instrument  for  measuring  time, 
yet  if  it  is  set  correctly  occasionally  it  is  sufficiently  accurate  for 
ordinary  purposes.  It  is  the  same  with  an  ampere-hour  meter. 
It  is  necessary  that  a  battery  be  fully  charged  occasionally,  say, 
once  a  week,  if  the  battery  is  subjected  to  hard  daily  use,  as  on 
a  commercial  truck,  and  this  furnishes  an  opportunity  to  set  the 
ampere-hour  meter. 

Fully  Charged  Battery. — A  battery  is  fully  charged  only  when 
all  the  sulphate  has  been  driven  out  of  the  plates  into  the  elec- 
trolyte, and  this  is  most  easily  indicated  by  the  specific  gravity 
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of  the  electrolyte.  As  long  as  sulphate  is  being  thrown  out  of 
the  plates  into  the  electrolyte  during  charge,  the  specific  gravity 
of  the  latter  must  continue  to  rise,  and  when  the  rise  stops  the 
battery  is  fully  charged.  Most  battery  manufacturers  recom- 
mend that  a  battery  be  given  such  a  charge  (called  an  equalizing 
charge),  regardless  of  the  indication  of  the  ampere-hour  meter, 
once  a  week  or  once  in  two  weeks.  When  it  is  known  that  the 
battery  is  full,  the  charge  is  discontinued  and  then  the  meter  is 
set  to  indicate  a  full  battery,  and  the  meter  is  then  a  sufficiently 
accurate  indicator  of  the  state  of  battery  charge  to  be  used  for 
a  week  or  two  weeks  until  another  equalizing  charge  is  given 
the  battery,  when  the  meter  should  again  be  set. 

Ampere-hour  meters  require  cleaning  and  regulation  at  inter- 
vals as  does  a  clock,  and  if  they  are  treated  in  this  manner  they 
are  of  great  assistance  in  the  proper  handling  of  a  battery.  These 
meters  are  frequently  furnished  with  a  contact-making  device, 
so  arranged  as  to  interrupt  the  charging  circuit  when  the  meter 
indicates  that  the  battery  is  fully  charged,  and  this  is  a  valuable 
protection  against  unnecessary  charging  and  gassing  of  the  bat- 
tery during  ordinary  operation.  This  tripping  device  should, 
of  course,  be  disconnected  during  the  equalizing  charge. 

The  points  to  be  especially  emphasized  in  connection  with  the 
charge  are: 

First — On  regular  charges  keep  the  rates  as  low  as  practical 
and  cut  off  the  current  promptly.  It  is  preferable  to  cut  off  a 
little  too  soon  rather  than  to  run  too  long  where  there  is  any 
question. 

Second — Overcharges  must  be  given  at  stated  intervals  and 
continued  to  complete  maximum.  They  should  be  cut  off  at  the 
proper  point,  but  when  in  doubt  it  is  safer  to  run  too  long,  rather 
than  to  cut  off  too  soon. 

Third — Do  not  limit  the  charge  by  fixed  voltage. 

Fourth — Keep  the  temperature  within  safe  limits. 

Fifth — Keep  naked  flames  away  from  cells  while  charging,  as 
the  gas  given  off  is  inflammable.  Always  see  that  gas  vents  are 
clear  before  charging. 

Westinghouse  Charging  Equipment. — With  the  rapid  develop- 
ment of  reliable  electric  vehicles  and  the  rapidly  extending  use 
of  same,  a  corresponding  and  incessant  demand  has  risen  for 
apparatus  to  charge  the  storage  batteries.  The  service  require- 
ments are  very  diversified  and  the  line  of  apparatus  to  fulfill  them 
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effectively  must  be  very  comprehensive.  The  battery  charging 
equipments  must  be  capacities  such  that  a  single  car  may  be 
cared  for  efficiently  in  an  isolated  private  garage,  and  that  many 
cars  housed  in  a  public  or  large  private  garage  may  be  charged  at 
any  and  all  hours  methodically,  promptly,  efficiently  and  cheap- 
ly. The  electrical  energy  available  at  the  service  mains  may  be 
continuous  current,  either  two  or  three  wire,  100  volts  or  220 
volts,  or  it  may  be  alternating  current  of  one,  two  or  three  phase 
and  of  any  commercial  voltage. 

The  Westinghouse  Electric  and  Manufacturing  Co.  early  rec- 
ognized the  influence  on  the  extensive  use  of  electric  vehicles  by 
having  available  battery  charging  equipments  that  adequately 
serve  this  variety  of  purposes.  Therefore,  a  complete  line  of 
battery  charging  apparatus  has  been  developed  for  this  service 
comprising  rheostats,  mercury  arc  rectifiers,  motor-generator 
sets,  and  switchboards. 

If  continuous  current  of  suitable  potential  is  available  the  bat- 
tery may  be  charged  most  efficiently  and  conveniently  by  the 
use  of  a  simple  rheostat  connected  in  series  therewith  and 
mounted  on  the  floor,  wall,  or  rear  of  a  switchboard.  In  case 
the  potential  of  the  service  mains  is  high,  relative  to  that  re- 
quired to  charge  the  battery,  it  will  be  more  economical  to  use 
a  motor-generator  set. 

When  alternating  current  only  is  available,  it  is  essential  to 
transform  this  into  continuous  current  through  a  rectifier  or  some 
rotating  apparatus  such  as  a  motor-generator  set.  The  selec- 
tion of  the  piece  of  apparatus  is  influenced  by  the  number  of 
batteries  to  be  charged  and  the  potential  across  their  terminals; 
in  general,  a  rectifier  is  preferable  for  single  cars,  and  a  motor- 
generator  set  for  several  cars,  particularly  if  the  batteries  are  of 
different  type  and  vary  widely  in  number. 

For  a  large  garage  in  which  cars  must  be  charged  at  all  hours, 
but  mainly  at  night,  it  often  proves  to  be  economical  to  use  a 
motor-generator  during  "off  peak"  only  and  a  rectifier  alone  dur- 
ing the  other  hours. 

In  the  Westinghouse  motor-generator  sets  the  generators  have 
been  designed  so  that  the  voltage  of  the  continuous  current  ma- 
chine may  be  adjusted  practically  anywhere  between  the  limits 
of  60  volts  and  125  volts  by  manipulating  a  field  rheostat.  Hence, 
the  operator  may  adjust  the  terminal  voltage  to  that  required 
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Fig.  519. — Wcstinghousc  Rotary  Converter  for  Charging  Electric  Vehicle 

Batteries. 


by  the  batteries  on  charge,  and  reduce  to  a  very  small  minimum 
the  energy  dissipated  as  heat  in  the  rheostats. 

The  switchboards  are  designed  so  as  to  secure  simplicity  of 
arrangement.   They  are  built  up  of  Sectional  Type  Panels,  which 
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construction  makes  a  very  flexible  line  in  that  switchboards  can 
be  assembled  for  controlling  any  combination  of  power  supply 
and  batteries  and  additions  can  be  made  readily.  These  switch- 
boards are  assembled  usually  with  the  meter  section  at  the  top, 
the  charging  sections  immediately  below,  and  the  power  control 
section  at  the  bottom.  The  number  of  sections  per  panel  is  lim- 
ited by  the  height  permitted  by  ease  in  operation.  When  more 
charging  circuits  are  desired  than  can  be  accommodated  on  one 
panel,  the  remaining  sections  are  made  into  additional  panels. 

The  meter  sections  are  usually  equipped  with  a  battery  am- 
meter, a  voltmeter  which  may  be  "plugged"  in  on  any  circuit, 
and,  when  required,  a  generator  ammeter.  The  battery  ammeter 
is  protected  by  a  fuse  mounted  on  the  front  of  the  section.  The 
charging  sections  are  built  usually  for  controlling  the  two  bat- 
tery circuits.  Each  circuit  is  supplied  with  a  two-pole  fused 
knife  switch  or  a  single-pole  automatic  overload  circuit-breaker 
(as  desired),  a  rheostat  hand  wheel,  an  ammeter  switch,  a  volt- 
meter receptacle,  and  card  holder  for  circuit  designation.  Charg- 
ing sections  equipped  with  circuit-breakers  are  usually  supplied 
with  automatic  protection  against  reverse  current.  When  de- 
sired, protection  against  over-voltage  or  both  reverse  current 
and  over-voltage  can  be  provided  by  means  of  suitable  relays. 

Power  control  sections  are  supplied  for  direct  current  lines  of 
the  two  or  three  wire  type,  or  for  the  control  of  motor-generator 
sets.  Battery  charging  rheostats  are  built  of  cast  iron  grids, 
and  are  designed  for  charging  either  lead  or  alkaline  batteries 
of  any  specified  number  and  type  of  cells.  In  special  cases  rheo- 
stats for  charging  either  lead  or  alkaline  batteries  may  be  sup- 
plied. Rheostats  can  be  furnished  for  switchboard  or  separate 
mounting. 
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DRIVING  AND  MAINTENANCE  OF  ELECTRIC  TRUCKS 

Directions  for  Operating  and  Maintaining  Couple-Gear  Trucks — Start- 
ing— Running — Use  of  Shunt — Controller — Tires — Lubrication — Care 
of  Commutator  —  Replacement  of  Bearings  —  Adjustment  —  To  Re- 
move Armature — To  Remove  a  Wheel — To  Disassemble  the  Wheel 
—Assembling — Adjusting  Evener — A  Few  Things  Not  to  Do— Care 
of  Couple-Gear  Battery — Charging — Regular  Charge — Care  of  Bat- 
tery—Couple-Gear Gas— Electric  Instructions— To  Operate  Electric 
Brake— Instructions  for  the  Care  of  Four-Wheel  Internal  Drive 
Trucks  —  Battery  —  Battery  Compartment  —  Motors  —  Controller- 
Steering  Rod  Connections — Internal  Gear  Drive  Instructions — In- 
structions for  Both  Models — Adjustment  of  Axle  Bearings — Instruc- 
tions for  Walker  Truck  Drivers — Starting — Stopping  Controller- 
Traction —  Speed  —  Instruction  for  Garage  Foremen  —  Weekly  and 
Monthly  Inspection — Instructions  for  Care  of  Walker  Chassis- 
Motor  Housing — Pinch  Bolts — Wheel  Alignment — Care  of  Motor 
Parts — Proper  Handling — Ampere  Hour  Meter — Current  Consump- 
tion— To  Remove  a  Rear  Wheel — Lubrication — Winter  Care. 

DIRECTIONS  FOR  OPERATING  AND  MAINTAINING 

COUPLE-GEAR  TRUCKS 

Starting. — Release  the  brakes.  Right  pedal  operates  brake? 
on  front  wheels.  The  left  pedal  operates  brakes  on  rear  wheels. 
Close  emergency  switch  by  pulling  lever  up.  This  lever  is  on 
the  front  of  the  heelboard  at  the  right  of  the  controller.  To  move 
the  truck  forward,  pull  the  small  lever  on  the  controller  top 
toward  you  and  move  controller  handle  one  notch  at  a  time. 
Don't  linger  between  points  ;  always  turn  lever  far  enough  to 
bring  pointer  opposite  a  number  on  the  controller  top. 

Running.— Keep  feet  on  brake  and  left  hand  on  controller 
lever  when  running  until  thoroughly  familiar  with  the  truck  and 
the  handling  of  it.    When  leaving  the  truck,  or  in  case  the  con- 
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troller  fails  to  operate  (freezes),  push  down  the  emergency 
switch  lever,  thereby  disconnecting  the  battery.  Never  reverse 
the  power  until  truck  has  come  to  a  full  stop  except  to  prevent 
serious  accident. 

To  avoid  skidding,  when  making  a  stop  on  slippery  streets, 
apply  both  sets  of  brakes  as  hard  as  possible  without  sliding  the 
wheels.  If  the  wheels  start  to  slide,  the  brakes  must  be  released 
a  trifle  to  allow  them  to  revolve  again.  If  the  wheels  slide  against 
a  wet  car  track,  do  not  continue  to  cramp  wheels  but  steer  them 
in  the  opposite  direction,  pulling  away  from  the  rail  and  then 
crossing  it  more  squarely.    Never  use  the  brakes  unnecessarily. 

When  one  motor  is  disconnected,  use  fourth  speed  on  all  heavy 
pulls,  as  first,  second  or  third  speed  under  this  condition  causes 
half  of  the  battery  to  be  discharged  faster  than  the  other  half. 

When  descending  long  steep  grades,  both  brakes  should  be 
used  to  avoid  excessive  heating  of  one  set. 

Operation. — Do  not  stop  or  slow  up  when  it  can  be  avoided 
except  for  rough  places  or  for  a  heavy  pull.  More  current  is 
required  to  start  the  truck  from  a  standstill  than  to  keep  it  run- 
ning when  under  way.  Never  use  power  where  truck  will  coast. 
To  save  power,  avoid  hills  and  soft  or  rough  roads,  as  much  as 
possible,  even  though  the  other  way  is  a  little  longer. 

Do  not  use  fifth  speed  on  steep  grades  or  heavy  roads.  The 
fourth  speed  is  just  as  powerful  as  the  fifth  and  works  the  bat- 
tery and  motors  to  better  advantage  on  a  heavy  pull. 

If  the  wheels  spin,  do  not  leave  the  current  on  an  instant  after 
it  is  found  the  truck  does  not  move,  as  this  will  overload  motors 
and  may  seriously  injure  armatures. 

Use  of  Shunts. — "Couple-Gear"  trucks  are  equipped  with  shunt 
for  shunting  the  current  around  the  motor  fields,  thereby  in- 
creasing the  speed  of  the  armature.  This  shunt  is  brought  into 
the  circuit  when  controller  is  on  fifth  point  and  should  not  be 
used  except  on  good  roads  or  when  its  use  does  not  cause  exces- 
sive current  consumption. 

Controller. — Keep  contacts  clean  with  piece  of  cloth.  Lubri- 
cate lightly  with  vaseline  once  each  week.  If  contacts  blister 
or  get  rough,  the  cause  should  be  located.  It  may  be  due  to  a 
weak  spring  on  the  finger  or  improper  adjustment  of  the  spring. 
There  is  a  set-screw  and  lock-nut  on  each  finger  to  make  this 
adjustment.  After  the  cause  of  the  trouble  is  removed,  the 
contacts  should  be  smoothed  up  with  fine  file  and  sandpaper. 
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Tires. — When  tires  show  signs  of  giving  out,  an  extra  band 
with  new  tires  on  should  be  ordered,  so  when  the  tires  do  give 
out  you  will  have  one  on  hand  to  replace  it. 

Lubrication. — Keep  the  spring  clips  lubricated.  Oil  all  mov- 
ing parts  of  steering  gear  frequently.  Give  all  grease  cups  a 
turn  every  morning.  The  grease  cups  on  one  side  of  the  wheel 
knuckles  feed  to  back  wheel  roller  bearing.  There  are  two  roller 
bearings,  one  on  each  side  of  the  wheel.  These  should  be  oiled 
once  a  week. 

The  gears  should  get  sufficient  oil  from  the  motor  bearings. 
There  are  two  motor  bearings,  one  on  each  end  of  the  armature 
shaft.  The  wick  feed  of  enclosed  type  requires  filling  once  a 
week  after  they  are  well  worn  in. 

When  they  are  new  they  should  be  watched  very  closely  and 
may  require  oil  every  day.  The  wicks  should  be  changed  even- 
six  months.  To  fill  these  bearings,  pour  oil  in  at  the  side  and 
fill  until  they  overflow,  having  a  piece  of  waste  at  the  bottom 
to  catch  the  overflow. 

At  the  opposite  end  of  the  armature  from  the  commutator  is 
a  device  that  is  termed  the  "evener."  Its  function  is  to  divide 
the  load  evenly  between  the  two  pinions  and  to  take  up  any 
inequalities  in  the  gears.  A  very  slight  motion  takes  place  here, 
but  enough  to  require  oil,  so  put  a  few  drops  in  when  oiling  the 
motor  bearings. 

The  wheels  should  be  jacked  up  and  carefully  looked  over 
once  each  week  and  motor  bearings  oiled.  Inspect  all  bolts  and 
nuts  and  see  that  everything  is  in  normal  condition. 

Commutator. — Keep  it  clean,  using  cloth  instead  of  waste,  as 
the  latter  will  leave  lint  on  it  that  sometimes  gets  under  the 
brushes  causing  an  arc,  which  burns  the  commutator.  Keep 
the  brush-holders  clean  inside  and  out.  Watch  the  carbons  and 
do  not  let  them  wear  down  so  far  that  the  holder  does  not  bring 
any  pressure  on  them.  If  these  are  neglected,  they  will  wear  off 
in  time  and  make  a  poor  contact  with  the  commutator,  causing 
it  to  be  burned  and  require  turning  off  in  a  lathe. 

In  case  the  commutator  does  not  wear  smoothly,  look  to  the 
brushes,  and  if  they  are  all  perfectly  free  in  the  holder,  see 
whether  the  tension  is  the  same  on  them  as  on  the  other  motors. 
If  these  points  are  found  to  be  all  right  and  the  commutator  is 
very  bad,  take  the  armature  out  and  have  it  turned  off  in  a  lathe. 
Occasionally  a  commutator  can  be  brought  back  in  shape  again 
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by  sanding  it  off  with  00  sandpaper ;  never  use  emery  paper.  A 
good  commutator  will  get  a  blue  polished  surface,  and  that  is 
what  you  want. 

Bearings,  Replacement  of. — The  motor  bearings  when  properly 
lubricated  wear  from  one  to  two  years.  They  must  not  be  al- 
lowed to  wear  enough  to  let  the  armature  strike  the  pole  pieces. 
The  bushings  only  are  needed  to  renew. 

The  wheel  roller  bearings  can  be  taken  out  and  replaced  with 
new  ones  very  easily.  They  should  wear  much  longer  than  the 
motor  bearings.  The  race  rings  that  the  roller  bearings  turn  in 
are  case  hardened  and  can  be  taken  out  and  replaced. 

Adjustment. — The  gears  are  properly  adjusted  when  the  truck 
leaves  the  factory  and  will  only  get  out  of  adjustment  from 
having  the  wheels  taken  apart  or  from  natural  wear  of  the  wheel 
thrust  collars,  which  are  adjustable,  one  being  the  large  slotted 
nut  on  the  outside  and  the  other  being  a  round  thread  casting 
that  either  screws  into  the  wheel  or  onto  the  knuckle.  When 
the  face  of  the  front  nut  wears,  it  allows  the  wheel  to  pull  away 
from  the  knuckle  and  as  the  motor  remains  stationary  it  will 
bring  the  back  gear  deeper  in  mesh  with  the  pinion  on  the  com- 
mutator end. 

If  the  back  collar  wears,  it  will  allow  the  wheel  to  run  in  closer 
to  the  knuckles,  bringing  the  front  gear  deeper  in  mesh  with  the 
other  pinion.  If  either  one  wears  to  any  extent,  it  will  cause  the 
gears  to  become  noisy. 

This  wear  can  be  taken  up  by  the  adjusting  nuts  on  each  side 
of  the  wheel.  The  only  difficult  part  is  to  learn  which  side  is 
worn.  There  are  two  or  three  ways  of  doing  this.  In  the  first 
place,  if  the  collars  are  worn  the  wheel  will  have  an  end  play; 
force  the  wheel  first  in  and  then  out.  If  there  is  more  than  V30 
inch  play,  there  is  too  much. 

One  way  to  adjust  it  is  to  force  the  wheel  against  one  collar 
and  then  turn  it  around  a  few  times,  noting  the  amount  of  noise ; 
then  force  the  wheel  against  the  other  collar  and  note  the  noise. 
Set  the  wheel  in  position  that  it  will  run  the  quietest. 

Another  way  is  to  put  your  hand  inside  the  evener  box,  getting 
hold  of  the  end  of  the  two  pinion  shafts,  one  at  a  time,  and  by 
moving  the  pinions  you  can  tell  which  one  has  the  most  play: 
the  one  having  the  least  play  is  in  mesh  the  deeper  of  the  two. 

The  most  accurate  method  is  to  turn  both  the  adjusting  nuts 
back  several  threads.    Pull  the  wheel  out  as  far  as  possible, 
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bringing  the  back  gear  up  against  one  pinion,  then  turn  the 
front  adjusting  nut  up  until  it  just  touches  the  wheel ;  then  push 
the  wheel  back  as  far  as  possible,  bringing  the  front  gear  up 
against  the  other  pinion.  This  will  leave  a  space  between  the 
front  nut  and  the  wheel  and  will  represent  the  amount  of  clear- 
ance of  the  two  gears.  Turn  the  nut  up  just  half  this  distance 
and  lock  it,  pull  the  wheel  out  against  the  nut  and  turn  the  back 
adjusting  nut  to  the  left  until  it  tightens;  then  slack  off  one  slot 
or  about  Via  inch  of  a  turn  and  lock  there.  This  will  leave  one 
pinion  just  as  deeply  in  mesh  as  the  other,  and  that  is  what  is 
wanted. 

To  Remove  Armature. — Remove  the  hub  cap  and  adjusting 
nut.  Take  out  the  machine  bolts  that  pass  through  the  two 
wheel  discs.  By  means  of  special  clamps  furnished  in  tool  equip- 
ment, pull  the  front  disc  out  of  the  tire.  This  will  expose  the 
motor.  Remove  the  cap  screw  and  bolts  in  the  motor  frame, 
then  pull  the  front  half  of  the  casting  off,  lift  out  the  armature, 
bearings  and  all,  and  lay  it  across  a  box  so  that  the  bearings 
can  hang  down  and  avoid  spilling  oil. 

To  Remove  a  Wheel. — Raise  the  wheel  about  2  inches  off  the 
floor  and  also  the  opposite  wheel  so  as  to  leave  the  axle  level 
Disconnect  the  motor  wires  by  loosening  4  hexagon  head  cap 
screws  in  receptacle  and  pull  the  plug  down.  Remove  small  set 
screws  from  back  stub  nut.  Insert  cast  sleeve  (in  tool  equip- 
ment) between  axle  fork  and  rear  stub  nut.  Then  back  off  the 
stub  nut  with  large  wrench  provided.  This  will  crowd  motor 
stub  knuckle  and  relieve  the  wheel.  See  that  motor  wires  do 
nut  get  caught  in  knuckle. 

To  Disassemble  the  Wheel. — After  the  wheel  is  off  the  truck, 
place  it  on  jacks  with  rear  stub  downward.  Remove  the  hub 
cap  and  adjusting  nut  and  the  machine  bolts  that  hold  the  two 
wheel  discs  against  the  shoulders  in  the  tire  band.  Remove 
front  disc  and  gear  ring,  using  pull  bars  and  bolts  provided 
Both  the  disc  and  gear  ring  are  tapped  to  take  the  pull  bolts 
The  motor  can  then  be  raised  from  the  wheel. 

Assembling. — Assemble  the  wheel  the  same  way  it  was  taken 
apart,  being  sure  that  evener  bars  are  parallel  with  each  other 
and  with  armature  shaft.  When  both  gear  rings  are  in  place, 
then  insert  front  disc  and  bolts.  Then  place  wheel  in  vertical 
position  and  properly  divide  the  gear  and  pinion  clearance  as 
previously  instructed. 
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Adjusting  Evcner. — The  mechanic  will  notice  that  the  pinions 
are  not  rigidly  connected  to  the  armature.  They  are  connected 
to  the  armature  quite  similar  to  the  way  a  team  of  horses  are 
connected  to  a  wagon.  They  are  hitched  to  an  evener  that  allows 
one  horse  to  drop  a  little  behind  the  other,  but  each  horse  can 
pull  half  the  load  only. 

The  evener  in  the  armature  performs  the  same  function  for 
the  two  pinions  that  the  evener  does  for  the  two  horses.  If  one 
horse  drops  so  far  back  that  the  evener  strikes  the  wagon,  the 
other  horse  must  pull  all  the  load.  If  the  pinion  is  allowed  to 
enter  the  gear  with  the  evener  shifted  way  to  one  side,  then 
one  pinion  will  do  all  the  work,  so  the  pinions  should  be  entered 
into  the  gears  with  the  evener  set  in  the  center  so  it  will  have 
a  chance  to  work  either  way.  It  is  not  always  possible  to  get 
it  in  the  center,  but  it  should  be  set  as  near  the  center  as  possible. 

When  the  evener  is  set  right,  the  cotter  pins  that  pass  through 
the  ends  of  the  pinion  shaft  will  be  opposite  each  other  and  in 
line  with  the  armature  shaft,  and  the  key  seats  in  pinion  shafts 
will  be  in  line  and  abutting  each  other. 

After  the  evener  is  set  right,  the  disc  can  be  driven  in,  bring- 
ing the  gears  into  mesh. 

A  Few  Things  Not  to  Do  : 

1.  Do  not  neglect  to  carefully  inspect  wheels  each  week. 

2.  Do  not  fail  to  correctly  adjust  the  evener  when  assembling 
wheel. 

3.  Do  not  reverse  the  power  before  the  truck  stops. 

4.  Do  not  fail  to  adjust  the  gears  when  they  become  noisy. 

5.  Do  not  use  power  on  down  grades  when  machine  will 
coast. 

6.  Do  not  wait  for  tires  to  fall  off  before  getting  them  repaired. 

7.  Do  not  allow  carbon  brushes  to  wear  down  too  far  or  be- 
come tight  in  the  holders. 

8.  Do  not  refuse  to  give  a  helping  hand  to  stalled  teams. 
Care  of  Couple-Gear  Battery.— Standard  lead  battery  cell  is 

composed  of  two  groups  of  lead  plates,  one  positive  and  one 
negative.  These  plates  are  separated  from  each  other  by  wood 
and  hard  rubber  separators ;  the  plates  and  separators  are  called 
elements.  The  elements  are  contained  in  a  hard  rubber  jar 
filled  with  a  diluted  solution  of  chemically  pure  sulphuric  acid. 
This  makes  a  complete  cell.  In  a  truck  there  are  usually  from 
40  to  48  of  these  cells,  all  of  the  same  size  and  capacity. 
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The  larger  trucks  have  larger  cells  but  about  the  same  number. 
All  cells  are  of  equal  voltage,  about  2  volts  the  capacity  of  a 
cell  or  ampere-hour  rating,  depending  upon  the  number  of  plates 
in  each  cell.  Each  cell  has  a  positive  and  negative  pole.  The 
cells  are  connected  together  with  a  lead  strap  or  bolt  connector, 
the  positive  or  one  cell  to  the  negative  of  the  next.  This  is  when 
they  are  connected  in  series  and  is  the  usual  way.  The  ampere- 
hour  capacity  of  40  cells  in  series  is  not  greater  than  the  capacity 
of  one  of  the  cells,  but  the  40  cells  will  be  of  40  times  the  voltage 
of  one  cell. 

A  battery  is  analogous  to  a  barrel  of  water.  The  barrel  con- 
tains just  so  many  quarts  of  water  and  the  battery  so  many 
amperes  of  electricity.  If  the  barrel  contains  252  quarts  of  water 
and  this  is  drawn  off  at  the  rate  of  63  quarts  an  hour,  the  barrel 
will  be  emptied  in  four  hours. 

A  44-cell,  19-plate  battery  such  as  is  used  in  "Couple-Gear" 
truck  contains  252  ampere-hours.  If  this  is  used  at  the  rate  of 
63  amperes,  the  four  hours  normal  discharge  rate,  the  battery 
will  be  exhausted  to  the  normal  limit  in  four  hours.  If  only 
half  the  hourly  quantity  is  used  (31 ampere-hours),  the  dis- 
charge will,  of  course,  be  extended  over  double  the  time,  or 
eight  hours,  and  so  on.  An  ampere-hour  means  one  ampere 
flowing  continuously  for  one  hour. 

The  "volt"  is  the  unit  of  pressure,  analogous  to  the  weight  of 
water  forcing  a  stream  through  a  tap  at  the  bottom  of  the  barrel. 
So  many  gallons  of  water  at  so  much  pressure  will  do  so  much 
work.  Similarly  so  many  amperes  of  electricity  at  such  a  volt- 
age will  produce  so  much  energy.  This  energy  is  expressed  in 
"watts"  and  is  calculated  by  multiplying  the  volts  by  the  am- 
peres. As  previously  stated,  to  exert  one  horsepower,  an  energy 
of  746  watts  is  required.  It  does  not  matter  what  may  be  the 
real  relative  proportions  of  voltage  or  amperes,  the  result  will 
be  the  same,  whether  there  are  10  amperes  at  100  volts  or  100 
amperes  at  10  volts.  For  the  sake  of  convenience,  in  working 
large  figures,  one  thousand  watts  is  called  one  kilowatt. 

The  voltage  of  the  storage  battery  may  be  figured  at  2  volts 
per  cell,  or  a  total  of  88  volts  for  a  44-cell  battery,  which  is  about 
what  the  voltmeter  on  the  truck  will  show  when  the  battery  is 
fully  charged  and  is  being  discharged  at  about  4-hour  rate,  pos- 
sibly a  little  more  just  at  first.  The  voltage  falls  as  battery  is 
discharged,  just  as  the  pressure  of  the  water  in  the  barrel  is 
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drawn  off  and  the  weight  lessened.  The  ordinary  routine  of 
caring  for  a  storage  battery  requires  no  great  amount  of  skill 
or  expert  knowledge.  All  that  is  necessary  is  to  use  common 
sense  and  adhere  strictly  to  every  rule  laid  down  for  guidance 
in  the  instruction  book  issued  by  the  battery  company.  Many 
batteries  have  been  ruined  by  carelessness  in  this  respect.  Stick 
to  the  rules  and  if  conditions  arise  that  cannot  be  handled,  do 
not  experiment,  but  call  in  a  battery  expert,  preferably  one  whose 
specialty  is  the  battery  you  have. 

Charging. — No  difficulty  need  be  experienced  by  charging  the 
battery  if  instructions  are  followed  closely,  but  any  carelessness 
or  attempts  to  short  cuts  or  "original"  methods  are  sure  to  lead 
to  unsatisfactory  results  in  the  work  performed  by  the  truck 
and  later  to  expense  in  putting  battery  back  into  shape. 

The  charging  current  in  all  cases  must  be  direct,  never  alter- 
nating. If  alternating  current  is  the  only  source  of  supply,  then 
some  method  must  be  employed  (motor,  generator  or  rectifier) 
to  convert  same  to  direct  current.  The  voltage  necessary  to 
charge  battery  depends  on  the  number  of  cells  in  the  battery. 
About  2.7  is  necessary  to  each  cell.  A  110- volt  line  will  charge 
a  42-cell  battery. 

The  positive  terminal  of  the  battery  must  be  connected  to  the 
positive  terminal  of  the  charging  circuit  and  the  negative  to  the 
negative,  so  that  the  battery  will  be  charged  in  the  right  direc- 
tion. If  charged  in  the  reverse  or  wrong  direction,  the  battery 
will  be  seriously  injured,  if  not  ruined. 

See  that  the  controller  handle  is  in  the  "off"  position  and  re- 
move the  reverse  handle.  Place  the  emergency  switch  "in"  as 
when  running.  Make  sure  that  the  current  is  turned  off  at  the 
charging  panel  or  switchboard  and  insert  the  charging  plug  in 
the  receptacle  at  the  rear  of  the  truck  under  the  body.  Be  sure 
the  plug  is  inserted  as  far  as  it  will  go.  The  lamps  on  the  vehicle 
should  be  turned  off  while  charging. 

Commence  the  charge  and  complete  it  at  the  rates  specified 
for  such  sized  battery  in  the  instruction  books  furnished  with 
each  battery  and  applying  to  it.  Different  makes  of  batteries 
should  be  handled  in  accordance  with  the  instructions  issued  by 
the  companies  making  them  and  we  recommend  that  their  in- 
structions be  very  closely  followed.  When  charging  keep  the 
battery  ventilated  as  thoroughly  as  possible  by  opening  the 
battery  compartment.    Tin*  following  in  tructions  may  be  fol- 
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lowed  in  charging  any  make  of  storage  battery  having  pasted 
lead  plates,  until  the  regular  instructions  on  that  particular  bat- 
tery can  be  obtained,  as  practically  the  only  points  on  which  the 
different  instructions  vary  is  on  the  charging  rates. 

Regular  Charge. — On  beginning  of  charge,  the  rheostat  handle 
should  be  turned  so  that  all  resistance  is  in  the  circuit:  then 
close  switch  connecting  battery  to  the  main  and  turn  the  rheo- 
stat handle  until  the  ammeter  shows  a  proper  rate  of  current 
flow  (see  following  table).  In  regular  service,  the  battery 
should  commence  to  charge  at  a  rate  not  exceeding  the  "start- 
ing" rate  given  in  the  accompanying  table  and  continued  until 
the  voltage  equals  2.5  to  2.6  per  cell,  about  112  volts  in  a  44~cell 
battery.  When  this  value  is  reached,  the  current  should  then 
be  reduced  to  the  "finishing"  rate,  as  shown  in  following  table, 
and  charge  continued  until  voltage  ceases  to  rise  again. 

About  once  every  two  weeks,  however,  the  charge  should  be 
prolonged  and  continued  for  two  to  four  hours  at  the  low  rate 
after  the  gravity  of  electrolyte  has  stopped  rising,  but  never 
raising  the  temperature  above  100°  F. 

CHARGING  TABLE 

No.  of  plates  Rate  of  charging  in  amperes     Charging  rate  for  wet  plates 


per  cell  Start 

Finish 

Start 

Finish 

T 

r16 

5-5^ 

•  • 

•  • 

9 

22 

7 

15 

8 

11 

28 

9 

17 

10 

13 

34 

11 

20 

12 

15 

For  thick  plate 

40 

12 

24 

14 

17 

45 

14 

27 

16 

19 

50 

16 

30 

18 

21 

56 

17/2 

34 

20 

As  soon  as  the  charge  is  stopped,  the  voltage  of  the  battery 
will  drop  one-third  of  a  volt  per  cell.  Never  continue  the  battery 
on  charge  at  less  than  the  "finished"  rate  as  per  table.  The 
final  voltage  of  the  battery  will  vary  according  to  the  tempera- 
ture of  the  battery  and  the  age  of  the  plates. 

A  new  battery  will  have  a  higher  final  voltage  than  an  old  one 
under  the  same  temperature  conditions,  and  both  old  and  new 
batteries  will  read  higher  with  the  temperature  low  than  with 
it  comparatively  high;  so,  in  view  of  the  final  voltage  being 
chargeable,  a  fixed  voltage  must  not  be  considered  in  detennin- 
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ing  the  end  of  charge,  but  rather  a  maximum  voltage,  this  being 
determined  by  noting  when  the  voltage,  as  the  end  of  the  charge 
approached,  stops  rising. 

The  voltage  per  cell  is  determined  by  dividing  the  total  voltage 
of  the  battery  as  shown  by  the  voltmeter  by  the  number  of  cells. 
Thus,  in  a  battery  of  24  cells,  when  the  voltmeter  shows  60 
volts,  the  voltage  per  cell  is  2.5  volts. 

Great  care  must  be  taken  to  fully  charge  the  battery  but  not 
to  excessively  overcharge,  especially  at  the  higher  rate,  as  dete- 
rioration of  the  plates  will  result.  If  for  any  reason,  such  as 
bringing  up  of  low  cells,  an  overcharge  is  necessary,  then  the 
"finishing"  rate  should  be  used.  A  very  noticeable  increase  in 
the  temperature  of  the  cells  is  an  indication  of  excessive  over- 
charge. 

The  temperature  of  a  battery  must  not  be  allowed  to  exceed 
100°  F.,  the  cells  near  center  of  battery  being  used  as  a  guide. 
I  f  the  temperature  is  found  to  be  running  up  toward  the  safe 
limit  (100°  F.),  the  charge  should  be  stopped  for  a  while,  allow- 
ing the  battery  to  cool. 

After  completing  the  charge  and  before  disconnecting  the  bat- 
tery from  the  switchboard,  always  turn  the  rheostat  handle  back 
before  opening  the  battery  switch.  Voltage  readings  should  be 
taken  only  when  the  battery  is  charging  or  discharging.  Read- 
ings taken  when  the  battery  is  idle  are  of  no  value. 

Care  of  Battery. — Add  distilled  water  to  the  electrolyte  to  re- 
place the  loss  by  evaporation.  In  average  service  a  battery 
requires  water  about  once  a  week.  In  hot  weather,  sometimes 
semi-weekly.  If  the  acid  strength  is  right  when  the  battery 
leaves  the  factory,  and  providing  there  was  no  loss  by  spilling 
in  shipment,  the  electrolyte  will  need  no  more  acid  added  to  it 
until  the  battery  requires  cleaning.  Xever  add  acid  without  first 
giving  a  long  overcharge  at  a  low  rate  to  be  sure  that  all  acid 
has  been  driven  from  the  plates  into  the  electrolyte. 

Charging  Panel  for  One  Battery. — Consists  of  one  ammeter 
with  100-ampere  scale,  one  voltmeter  with  150-volt  scale,  one 
2-pole  single-throw  switch,  and  fuses  or  circuit-breaker  mounted 
on  slate  or  marble  board.  A  rheostat  must  be  used  in  connection 
with  the  charging  panel.  It  consists  of  resistance  coils  or  iron 
grids  so  connected  that  the  resistance  can  be  regulated  or  entirely 
disconnected  from  the  circuit.  The  rheostat  is  connected  in 
series  with  the  battery  and  is  used  to  regulate  the  ampere  flow. 
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A  water  rheostat  can  be  used  temporarily.  This  consists  of 
a  receptacle  made  of  non-conducting  material,  such  as  barrel, 
wood  tub,  or  earthen  jar.  This  receptacle  is  partly  filled  with 
salt  water.  One  charging  wire  is  cut  and  a  metal  plate  attached 
to  each  end.  These  plates  are  dropped  into  the  salt  water  and 
the  flow  of  current  regulated  by  the  separation  of  the  plates. 

COUPLE-GEAR  GAS  ELECTRIC  INSTRUCTIONS 

To  Start  Engine. — To  start  engine,  open  the  valve  in  the  gaso- 
line pipe  just  under  the  tank.  Retard  the  spark  by  pulling  the 
round  brass  lever  located  at  the  left  of  the  crank  as  far  out  as 
it  will  go — that  is,  until  it  catches.  The  ignition  switch  is  on 
the  coil  on  the  dashboard.  Start  on  the  battery  side.  In  crank- 
ing the  engine,  be  a  little  careful  as  we  set  the  crank  pretty  well 
in  advance  so  that  the  engines  sometimes  kick  back  a  little.  As 
soon  as  the  engine  starts,  release  the  lever  which  automatically 
advances  the  spark. 

If  you  have  any  trouble  in  starting,  it  might  be  because  the 
batteries  have  weakened  in  shipment.  A  little  gasoline  injected 
through  the  petcock  in  each  cylinder  will  assist  materially  in 
starting.  This  is  very  seldom  necessary  except  in  very  cold 
weather. 

When  engine  is  equipped  with  Stromberg  carburetor,  it  can 
be  primed  by  shoving  in  a  small  wire  just  below  the  retard  lever 
This  closes  the  air  inlets  and  causes  the  piston  to  draw  gasoline 
from  the  carburetor  into  the  combustion  chamber.  Two  turns 
of  the  crank  should  be  sufficient.  Then  open  air  inlets  and  press 
button  on  coil,  which  should  start  the  engine. 

The  control  of  the  engine  is  entirely  by  foot  throttle,  which 
is  closed  by  a  spring,  except  when  the  driver  opens  it.  The 
spark  advance  is  fixed,  and  is  retarded  only  when  cranking 
engine. 

When  shipped,  the  makers  drain  the  gasoline  tank  and  radia- 
tors. The  drain  of  the  radiator  is  a  plug  underneath  it.  The 
drain  of  the  pump  is  a  petcock  located  at  the  lower  side  of  it. 
Ray  fie  Id  and  Stromberg  carburetors  are  equipped  with  water 
circulating  system,  the  Schebler  with  hot-air  pipes. 

Starting  the  Truck. — The  controller  has  two  levers.  The  left- 
hand  is  the  reverse,  the  right-hand  the  speed  lever.  The  con- 
troller has  six  speeds  forward  and  six  speeds  reverse.    On  the 
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1st  and  2nd  speed  the  motors  are  in  series  with  resistance.  On 
the  3rd  the  motors  are  in  series  without  resistance.  On  the  4th 
the  motors  are  in  parallel  with  resistance.  On  the  5th  in  parallel 
without  resistance.  On  the  6th  they  are  in  parallel  with  shunted 
fields. 

For  running  forward,  put  reverse  lever  in  position  so  that 
pointer  is  at  the  letter  "F"  on  the  controller  top.  For  running 
backward,  the  pointer  should  be  at  "R"  on  controller  top.  When 
reverse  lever  is  so  placed,  the  various  speeds  of  the  machine  are 
secured  by  bringing  the  pointer  on  the  speed  control  lever  to 
the  various  speed  points  as  indicated  on  controller  top. 

To  Operate  Electric  Brake. — When  running  forward:  1st. 
Bring  speed-control  lever  pointer  to  off  position.  2nd.  Move 
reverse  lever  pointer  from  "FM  to  the  left.  The  1st,  2nd  and 
3rd  points  are  braking  points.  The  other  points  should  not  be 
used  in  braking  under  forward  motion.  , 

When  moving  backward:  1st.  Bring  speed-control  lever 
pointer  to  off  position.  2nd.  Move  reverse  lever  points  from 
"R"  to  the  left  onto  1st,  2nd  or  3rd  point  as  is  necessary.  The 
shunt  speed  should  be  used  only  when  road  conditions  are  favor- 
able and  current  consumption  not  over  100  amperes. 

In  starting,  the  driver  usually  turns  the  current  on  to  the  full 
speed  and  then  raises  the  voltage  with  the  foot  throttle,  and 
one  seldom  turns  the  controller  off  in  regular  operation  except 
when  coming  to  a  full  stop,  and  not  even  then  when  it  is  only 
a  short  stop,  such  as  in  the  traffic.  In  climbing  grades,  or  for 
heavy  pulls,  if  the  engine  slows  up  or  labors  unduly,  cut  in  the 
resistance  in  the  generator  fields.  This  is  done  by  turning  the 
handle  on  the  rheostat.  If  this  does  not  take  you  up  the  hill, 
droj)  the  controller  back  to  the  series  position,  third  notch,  and 
you  can  then  regulate  your  rheostat  according  to  the  severitv 
of  the  grades.  When  in  series,  it  is  all  right  to  carry  a  fairly 
high  voltage.  150  for  a  long  pull.  If  only  a  short  grade,  it  will 
even  stand  higher,  as  the  motors  only  get  half  the  voltage.  The 
dynamo  will  stand  150  volts  for  an  hour  and  higher  voltage  for 
a  short  period.  It  is  not  advisable  to  give  the  motors  more  than 
125  in  practice. 

The  dynamo  has  ring  oil  bearings.  There  is  a  brass  cup  on 
each  for  filling  and  an  overflow  through  a  petcock,  which  must 
be  opened  when  filling.  These  should  be  filled  until  they  overflow 
each  week.    You  will  find  a  slide  in  the  pan  at  the  side  of  the 
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dynamo,  that  will  let  you  see  the  glass  in  the  front  bearings, 
so  that  you  can  tell  when  the  oil  is  low.  The  commutator  of  the 
generator  should  be  cleaned  with  a  cloth  while  it  is  turned  over 
slowly  about  once  a  week,  and  it  would  be  advisable  when  the 
dynamo  is  new  to  take  the  brushes  out  and  sand  them  off  lightly 
with  some  00  sandpaper  to  remove  the  copper  that  will  have 
collected.  This  is  not  necessary  after  the  commutator  becomes 
polished. 

INSTRUCTIONS  FOR  THE  CARE  OF  FOUR-WHEEL 
INTERNAL  GEAR  DRIVE  TRUCKS 

(Commercial  Truck  Co.  of  America) 

Battery. — Battery  should  be  cared  for  in  accordance  with  in- 
structions issued  by  the  manufacturer  of  the  particular  battery 
installed  and  considered  at  length  in  preceding  chapter. 

Battery  Compartment. — When  truck  is  equipped  with  Edison 
battery  the  battery  compartment  is  built  with  removable  strips 
in  the  floor  of  the  compartment  under  the  center  of  each  tray 
and  on  the  rear  of  each  section  near  the  top.  These  should  be 
removed  in  the  summer  to  give  proper  ventilation  and  should 
be  in  place  in  the  winter. 

Motors'. — The  motors  should  at  all  times  be  kept  clean  and 
free  from  water  or  oil.  The  commutator  is  in  best  condition 
when  it  has  a  dark  red  or  purple  polish,  and  when  in  this  con- 
dition needs  no  attention.  If  it  becomes  black  or  burned  from 
any  cause  it  should  be  cleaned  with  a  fine  grade  of  sandpaper 
It  should  always  be  kept  clean  and  free  from  gummy  or  gritty 
substance.  The  carbon  brushes  should  be  renewed  before  they 
are  completely  worn  out.  If  brushes  are  allowed  to  become  too 
short  the  commutator  is  apt  to  get  burned.  When  new  brushes 
are  put  in  they  should  be  fitted  to  commutator  and  pigtail  con- 
nections securely  fastened  to  the  brush  holder. 

Controller. — The  controller  cover  should  occasionally  be  re- 
moved and  the  different  contacts  and  fingers  examined,  and  all 
connections  examined  to  be  sure  that  they  are  tight.  The  fingers 
should  give  a  firm  pressure  against  the  drum  contacts  and  should 
set  squarely  on  the  contacts.  Adjusting  screws  should  be  set 
so  that  when  the  drum  is  in  the  off  position  the  fingers  will  drop 
below  the  surface  of  drum  about  one-sixteenth  of  an  inch.  The 
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contacts  should  be  kept  tight  on  the  drum  and  bright  and  clean. 
If  at  any  time  there  is  a  tendency  to  cut  and  become  rough,  they 
should  be  smoothed  up  and  a  small  amount  of  vaseline  applied. 

Steering  Rod  Connections. — The  ball-and-socket  joints  at  each 
end  of  the  steering  rod  are  fitted  with  laminated  shims  between 
the  socket  and  cap.  As  the  ball  and  socket  become  worn  the 
cap  should  be  removed  and  sufficient  lamination  taken  off  with 
a  jack-knife  to  take  up  the  lost  motion  and  yet  have  the  ball  free 
to  turn  in  the  socket  when  the  cap  is  tightened  up  again. 

Lubrication  of  Internal  Gear  Drive. —  The  gear  cases  are 
packed  with  a  heavy  grease  which  under  normal  conditions 
should  be  sufficient  for  one  year's  service.  At  least  once  a  year 
the  cases  should  be  cleaned  and  fresh  grease  added. 

Lubrication  of  Concentric  Drive. — The  gear  cases  are  filled 
with  oil  from  the  pipe  connection  at  the  rear  and  the  ojl  in  the 
cases  should  be  kept  level  with  the  top  of  this  connection.  At- 
lantic Refining  Company's  No.  6  engine  oil  or  equivalent  should 
be  used  in  the  gear  cases.  Care  should  be  taken  that  the  vent 
plug  at  the  top  of  the  case  does  not  become  plugged  up,  for  if 
there  is  no  escape  for  the  air  in  the  case  when  it  becomes  heated 
it  will  force  the  oil  into  the  motor. 

Instructions  for  Both  Models. — The  motor  bearings  are  packed 
with  a  light  grease  which  should  be  sufficient  for  a  year's  service. 
At  least  once  a  year  these  should  be  thoroughly  cleaned  and 
new  grease  added. 

The  axle  bearings  are  packed  with  a  slightly  heavier  grade 
of  grease.  The  wheels  should  be  removed  every  six  months  and 
the  bearings  inspected  and  fresh  grease  added. 

The  steering  gear  should  have  a  fresh  amount  of  grease  added 
every  four  to  six  months.  At  all  other  points  where  lubrication 
is  required  compression  grease  cups  are  provided.  These  cups 
should  be  given  a  turn  every  day. 

Adjustment  of  Axle  Bearings. — In  replacing  a  wheel  be  sure 
that  the  axle  bearings  are  in  proper  adjustment.  The  wheel 
should  be  free  on  the  bearings  but  not  loose  enough  to  allow 
more  than  a  slight  amount  of  end  play.  If  necessary,  thin 
washers  should  be  added  to  get  the  proper  adjustment  of  the 
bearings.  These  washers  should  be  added  back  of  the  outer 
bearings  so  that  the  bearing  will  be  in  the  proper  place  when 
the  clamping  nut  is  drawn  up  tight  against  the  shoulder  on 
the  spindle. 
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INSTRUCTIONS  FOR  WALKER  TRUCK  DRIVERS 

Starting. — Always  allow  the  truck  to  accelerate  before  advanc- 
ing controller  from  speed  to  speed  to  save  undue  wear  and  tear. 
Do  not  attempt  to  force  truck  ahead  faster  than  wheels  will 
take  hold.  Make  sure  that  controller  is  in  the  "off"  position 
before  you  insert  running  key  or  throw  switch  to  the  "running" 
position. 

Stopping. — Stop  gradually,  as  a  sudden  violent  application  of 
brakes  produces  excessive  wear  on  the  tires  and  undue  strain 
upon  the  chassis.  On  leaving  the  truck  when  stopping,  always 
be  sure  to  throw  running  switch  to  "off"  position  and  remove 
switch  key.    SAFETY  ALWAYS. 

Controller. — Never  allow  controller  to  rest  between  speeds, 
but  move  handle  swiftly  from  speed  to  speed.  Never  run  con- 
tinuously on  first  speed,  as  it  includes  a  resistance  which  would 
become  overheated;  the  first  notch  is  a  starting  speed  only.  In 
changing  to  lower  speeds  while  running,  always  pull  controller 
to  the  "off"  position  and  when  truck  slows  down  to  the  desired 
speed,  move  controller  quickly  to  the  corresponding  lower  speed 
position.  If  for  any  reason  it  is  necessary  to  pull  off  the  con- 
troller momentarily,  without  appreciably  slowing  down  the  speed 
of  truck,  always  reapply  the  power  by  moving  controller  to  the 
previous  speed  position. 

NEVER  REVERSE  THE  CONTROLLER  WHILE  THE  TRUCK 

IS  MOVING 

Anti-skid  Devices. — These  are  intended  for  soft  mud  or  snow 
and  if  used  should  be  removed  when  the  wheels  cut  through  to 
hard  road  surfaces.  Do  not  under  any  circumstances  grind  these 
devices  between  rubber  tires  and  hard  road  surfaces. 

Traction. — When  snow  falls,  or  roads  are  icy,  see  that  your 
truck  is  equipped  with  one  shovel,  one  box  of  sand  or  cinders. 
If  the  rear  wheels  do  not  take  hold  use  your  shovel  and  sand 
or  cinders. 

Speed. — Do  not  run  fast  around  corners  when  the  streets  are 
slippery.  Do  not  drive  downhill  any  faster  than  you  can  drive 
up.  This  is  very  important.  Always  remember  the  ability  to 
start  or  stop  depends  upon  condition  of  the  traction  between 
the  tires  and  the  road. 
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Tools  and  Supplies. — Do  not  allow  tools,  wire,  bolts,  waste, 
etc.,  to  accumulate  anywhere  except  in  the  tool-box.  Never  lay 
any  metal  on  battery  or  in  controller  box. 

Morning. — Be  sure  battery  is  fully  charged,  see  that  the  charg- 
ing plug  is  removed,  battery  doors  fastened,  and  test  the  brakes 
before  leaving  the  garage. 

Night. — Always  leave  controller  handle  in  "off"  position,  re- 
move the  running  key  and  set  the  brakes  before  leaving  the 
truck. 

Daily  Report. — Before  leaving  at  night  turn  in  a  short  report 
of  anything  needing  attention. 

INSTRUCTIONS  FOR  WALKER  TRUCK  GARAGE  FOREMEN 

Washing. — Keep  water  from  reaching  the  battery.  Do  not 
use  water  with  enough  force  to  harm  the  paint.  Avoid  the  use 
of  soap  as  much  as  possible. 

Charging  (Important). — While  charging  be  sure  to  have  the 
battery  compartment  open.  Never  inspect  battery,  at  any  time 
with  naked  flame.  Before  inserting  the  charging  plug  be  sure 
to  have  the  controller  and  the  running  switch  in  the  "off"  posi- 
tion, and  the  lamps  turned  off.  Then  throw  running  switch  into 
the  charging  position  and  proceed  with  the  charging. 

Driver's  Truck  Report. — Look  this  over  and  if  anything  needs 
attention  have  it  done  before  the  truck  goes  out  again — "A  stitch 
in  time  saves  nine."    "Oil  and  grease  prevent  wear." 

Routine  Care— Carefully  inspect  and  thoroughly  lubricate 
with  oil  and  grease  as  required.  While  doing  this  see  that  all 
nuts  and  bolts  are  tight  and  in  good  condition. 

WEEKLY 

Brakes. — Inspect  and  adjust  when  necessary.    Do  not  allow 
brakes  to  drag. 

Controller. —  Inspect  and  wipe  contact  surfaces  with  clean 
cloth.  If  rough,  polish  with  very  fine  sandpaper  (never  use 
emery )  and  wipe  with  clean  cloth  slightly  greasy  with  vaseline, 
but  do  not  use  any  more  vaseline  than  is  necessary  to  make 
contacts  bright  and  smooth.  When  working  on  controller  be 
sure  that  running  switch  key  is  removed  to  prevent  short- 
circuits. 
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MONTHLY 

Motor. — Inspect  motor  and  wipe  the  commutator  clean.  Fur- 
ther details  will  be  found  under  "Care  of  Motor,"  page  7.  Oil 
armature  bearings  and  differential. 

Front  Wheels. — Take  off  front  wheels  and  repack  bearings 
with  non-fluid  oil.  On  replacing,  turn  up  axle  nut  until  too  tight 
for  wheel  to  revolve,  then  release  nut  one-sixth  of  a  turn  and 
replace  axle-nut  retaining  pin.  This  will  allow  wheel  to  revolve 
freely  without  end  play. 

Rear  Wheels. — Lubrication  as  per  instructions. 

YEARLY 

Overhauling. — It  is  economical  to  keep  the  vehicle  as  good  as 
new  by  starting  each  year  with  everything  in  first-class  condi- 
tion.   To  insure  this  give  the  vehicle  a  complete  overhauling. 

INSTRUCTIONS  FOR  THE  CARE  OF  WALKER  CHASSIS 

Inspection. — Thorough  inspection  at  regular  intervals  pre- 
vents wear,  failure  and  expense.  Once  a  week  is  not  too  often 
for  inspection,  and  the  following  points  should  be  covered  as 
enumerated. 

KEEP  NUTS,  BOLTS,  SCREWS,  AND  SPRING  CLIPS 
TIGHT.  Wear  is  continuous  throughout  the  life  of  any  truck, 
and  tightening  of  nuts,  bolts,  screws,  and  spring  clips  is  there- 
fore necessary.  On  new  trucks,  while  the  various  parts  are 
working  into  their  permanent  relation  to  each  other,  this  is  of 
greatest  importance. 

Rear  Spring  and  Brake  Pedestal  Clamp  Bolts. — These  are  the 
four  bolts  on  each  end  of  axle  housing  which  hold  in  place  the 
rear  springs  and  also  the  pedestal  casting  upon  which  the  brakes 
are  mounted.  If  these  bolts  are  permitted  to  become  loose, 
springs  arc  liable  to  shift,  shearing  off  the  spring  center  bolt, 
and  also  permitting  the  brakes  to  shift,  thus  interfering  with 
their  proper  action.  These  bolts,  as  well  as  all  other  bolts  of 
unportance,  are  made  of  vanadium  steel,  heat  treated.  This 
gives  them  great  strength.  Give  particular  care  to  these  bolts 
on  new  chassis. 
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Motor  Housing  Pinch  Bolts. — On  underside  of  each  end  of 
rear  axle  close  to  wheels.  These  bolts  clamp  and  locate  the  stub 
axles  for  the  rear  wheels  and  must  be  kept  tight,  otherwise 
damage  to  stub  axle  and  axle  housing  will  result  by  allowing 
the  key  in  stub  to  become  loose  and  shear  off. 

Disc  Bolts  Around  the  Rear  Wheel  Rim. — Holding  the  outside 
disc  to  the  wheel.    It  is  very  important  to  keep  these  bolts  tight, 


Fig.  521.— Wiring  of  Walker  Balanced  Drive  Electric  Truck. 


otherwise  wear  will  take  place  between  this  disc  and  the  tire 
band  and  the  oil  inside  the  wheel  will  tend  to  leak  out. 

Brakes. — Keep  brakes  in  proper  adjustment  and  be  sure  that 
they  are  not  dragging.  A  dragging  brake  will  increase  the  cur- 
rent consumption  materially,  reduce  the  mileage  of  the  truck 
and  make  it  run  slow.  The  external  brake  is  adjusted  by  means 
of  the  nuts  on  end  of  brake  band.  The  internal  brake  is  adjusted 
by  lengthening  or  shortening  the  pull  rod  between  the  brake 
evener  and  brake  lever  at  rear  axle.    Keep  brakes  adjusted  so 
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that  pedals  will  not  strike  ends  of  slots  in  foot  places  when 
brakes  are  applied. 

Alignment  of  Front  Wheels. — Keep  front  wheels  in  proper 
alignment.  They  should  toe  in  slightly  at  the  front.  That  is, 
the  distance  between  the  rims  at  front  should  be  from  one-eighth 
to  three-eighths  inch  less  than  at  rear.  If  for  some  reason  steer- 
ing-arms become  bent,  have  them  straightened  and  do  not  try 
to  align  wheels  by  shortening  or  lengthening  the  connecting  rod 
between  the  steering-arms.  Adjusting  the  connecting  cross  rod 
is  fundamentally  wrong  on  any  car. 

Commutator. — Inspect  the  commutator  monthly,  but  leave  it 
alone  as  long  as  it  has  that  smooth,  dark,  glossy  appearance. 
Most  likely  nothing  will  have  to  be  done  to  the  commutator  for 
long  periods  unless  oil  or  grease  is  permitted  to  get  on  it  and 
cause  it  to  get  dirty.  If  it  becomes  necessary  to  clean  the  com- 
mutator, jack  up  one  wheel,  block  the  other  wheel  and  run  the 
motor  on  first  speed  only.  Hold  a  piece  of  fine  sandpaper  (under 
no  circumstances  emery  cloth)  on  commutator  as  it  revolves 
only  long  enough  to  remove  the  dirt.  Do  not  think  that  a 
commutator  must  be  sandpapered  occasionally — it  should  not  be 
touched  unless  it  has  become  burned  on  account  of  arcing  of 
brushes.  If  merely  dirty,  clean  with  cloth  moistened  with  kero- 
sene. If  slots  between  commutator  bars  are  filled  with  dirt, 
clean  same  with  thin  piece  of  steel ;  a  broken  off,  thin  hacksaw 
blade  will  do  this  nicely. 

Brushes. — See  that  motor  brushes  work  freely  in  the  brush 
holders  and  make  sure  that  springs  have  not  lost  their  tension. 

Armature  Bearings. — The  armature  runs  on  Hess-Bright  ball 
bearings,  and  if  bearings  have  to  be  replaced  we  recommend 
this  type  on  account  of  having  race-ways  without  a  filler  opening. 

Drain  Holes. — Four  large  drain  holes  in  bottom  of  motor  hous- 
ing must  be  kept  open  at  all  times  to  prevent  accumulation  of 
oil  and  possible  damage  to  motor.  Follow  oiling  instruction  as 
given  under  the  heading  "Lubrication." 

Care. — Keep  controller  free  from  dirt,  rough  surfaces  and  poor 
contact.  These  cause  arcing,  destruction  of  copper  contact  plates 
and  fingers  and  charring  of  the  controller  drums.  When  inspect- 
ing do  not  lift  the  controller  fingers,  but  tap  them  lightly.  Poor 
contact  will  rattle,  good  contact  give  a  solid  sound.  Instructions 
for  oiling  to  prevent  wear  of  plates  and  fingers  are  given  under 
"Lubrication." 
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Proper  Handling. — Most  damage  done  to  controller  fingers 
and  contacts  is  due  to  faulty  and  careless  operation  on  the  part 
of  the  driver ;  but  these  few  simple  instructions,  if  followed,  will 
prevent  practically  all  trouble  with  burnt  finger  and  contact 
plates.   1.  When  starting  the  truck  do  not  move  controller  handle 


Fig.  522.-— Various  Speed  Combinations  of  Walker  Balanced  Drive  Elec- 
tric Truck  Controller. 

too  quickly  into  full  speed  position,  but  move  from  one  speed 
to  another  successively  in  order  to  give  truck  time  to  accelerate. 
If  moved  into  full  speed  position  too  swiftly,  the  motor  will  draw 
an  excessive  amount  of  current  which  is  liable  to  heat  contacts 
unduly,  or  even  burn  them. 

2.  Move  controller  handle  to  the  different  speeds  with  decision 
and  swiftly,  and  <lu  not  linger  between  speeds. 

3.  Never  pull  the  controller  back  a  notch  or  two  in  order  to 
go  into  lower  -needs.    When  desired  to  go  into  lower  speed 
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pull  controller  off  all  the  way  first  and  then  move  it  ahead  quickly 
into  the  speed  desired. 

4.  When  driving  along  at  a  certain  speed  if  it  becomes  neces- 
sary to  pull  off  the  controller  momentarily  (without  slowing 
down  the  speed  of  truck  appreciably),  when  power  is  applied 
again  the  controller  should  be  moved  quickly  into  the  previous 
speed  position. 

5.  Be  sure  that  controller  handle  is  pulled  back  all  the  way 
when  stopping,  and  when  leaving  the  truck  be  sure  to  throw 
off  the  running  switch  and  remove  switch  key.  SAFETY  AL- 
WAYS. 

6.  Never  insert  switch  key  or  close  running  switch  until  you 
are  sure  controller  hand  is  in  "off"  position.  When  placing 
truck  on  charge  put  in  charging  plug  before  you  throw  the  run- 
ning switch  into  charging  position,  otherwise  plug  or  recep- 
tacles are  liable  to  be  burnt. 

7.  Never  reverse  the  controller  while' truck  is  moving  for- 
ward. 

STORAGE  BATTERY 

The  storage  battery  company's  printed  instructions  should  be 
followed  to  the  letter. 

AMPERE-HOUR  METER 

The  Sangamo  Ampere-Hour  Meter  is  designed  to  indicate  the 
state  of  the  charge  of  the  battery  at  any  time.  When  the  charge 
is  completed  the  hand  on  the  dial  should  be  at  zero.  When  the 
truck  is  on  the  road,  the  hand  on  the  dial  indicates  the  ampere- 
hours  taken  out  of  the  battery.  If  the  driver  knows  the  ampere- 
hour  capacity  of  the  battery  and  the  average  ampere-hours  he 
has  left  in  the  battery,  he  can.  therefore,  judge  the  distance  he 
can  travel  before  the  battery  is  exhausted.  All  batteries  require 
a  certain  percentage  of  overcharge  in  order  to  keep  them  in  good 
condition  and  to  allow  for  losses  in  the  battery  itself.  All  San- 
gamo ampere-hour  meters  on  Walker  trucks  are  provided  with 
an  adjustment  which  can  be  set  so  that  the  hand  on  the  face  of 
the  dial  travels  at  a  slower  rate  while  the  battery  is  charged 
than  when  it  discharges.  This  adjustment  is  located  on  the 
underside  of  the  meter  and  is  set  at  the  factor  to  run  20  per  cent 
slow  fur  Edison  batteries  and  10  per  cent  slow  for  lead  batteries. 
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Any  other  percentage  can  easily  be  obtained  by  setting  the  small 
hand  on  this  dial  on  underside  of  meter  to  the  required  per- 
centage. Back  cover  on  meter  has  to  be  removed  in  order  to 
get  at  this  dial.  See  printed  instructions  issued  by  the  Sangamo 
Electric  Co.,  Springfield,  111. 

Current  Consumption. — By  dividing  the  ampere-hours  used 
by  the  number  of  miles  run,  the  ampere-hours  per  mile  will  be 
obtained.  It  is  important  to  study  this  particular  item,  as  it  not 
only  indicates  whether  the  vehicle  is  operating  properly,  but  also 
whether  the  driver  is  handling  the  vehicle  in  the  proper  manner. 

If  there  is  anything  wrong  with  the  vehicle,  such  as  dragging 
brake  or  anything  which  might  cause  the  car  to  run  slow  and 
consume  a  large  amount  of  electricity,  it  will  be  indicated  by 
relatively  high  figure  for  ampere-hours  per  mile;  or  if  the  driver 
is  careless  in  driving  his  vehicle — that  is,  starts  too  rapidly  and 
fails  to  coast  to  stops,  but  turns  almost  to  stops  before  pulling 
his  controller  off  and  'then  applies  the  brakes  hard — the  figure 
for  ampere-hours  per  mile  will  be  relatively  high. 

It  should  be  the  aim  of  the  driver  to  report  as  low  a  figure 
in  ampere-hours  per  miles  as  possible.  Many  drivers  when  they 
first  start  to  drive  an  electric  vehicle  will  consume  much  more 
electricity  than  after  they  have  driven  it  for  a  time.  A  good 
driver  is  one  who  has  learned  to  drive  his  vehicle  properly  and 
is  a  very  valuable  asset  to  his  employer. 

Interchanging  Rear  Wheels  to  Reverse  Gearing. — It  is  advis- 
able to  change  rear  wheels  from  one  side  to  the  other  possibly 
once  a  year,  as  in  so  doing  the  opposite  side  of  the  gear  teeth 
are  used,  thereby  doubling  the  wearing  surface  ordinarily  ob- 
tained in  other  trucks.  Pinions  should  be  changed  so  as  to  be 
kept  with  same  wheel.  This  will  materially  increase  the  life 
of  the  gearings. 

TO  REMOVE  A  REAR  WHEEL 

First. — Jack  up  the  rear  axle  until  wheel  clears  the  ground. 
Use  a  substantial  jack  and  also  put  safety  blocking  under  the 
axle  to  avoid  danger  from  jack  failure.  Put  jack  under  axle  and 
not  under  brake  pedestal  or  other  parts  of  brake  rigging. 

Second. — Take  off  the  hub  cap  and  remove  the  drive  shaft, 
retaining  spring  with  tongs  furnished  by  us;  then  pull  out  the 
driving  pinion  and  shaft. 
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Third.— Loosen  the  "pinch  bolt"  (located  on  the  underside  of 
the  rear  axle  about  one  inch  from  the  wheel) ;  then  remove  the 
lock  bolt  located  about  four  inches  from  the  pinch  bolts. 

Fourth. — Drive  the  thin  steel  spreader  wedge  (furnished  by 
us)  into  the  slot  between  the  pinch-bolt  lugs.  The  stub  axle  will 
thus  be  freed  and  the  wheel  with  stub  axle  can  be  pulled  off. 
(Caution:  Do  not  drive  the  wedge  in  far  enough  to  hit  the  stub 
axle. ) 

Fifth. — See  that  the  key  located  in  the  upper  side  of  the  stub 
axle  is  always  in  good  condition  before  replacing  the  wheel. 

WALKER  TRUCK  LUBRICATION 

Lubrication  prevents  wear.  It  is  the  proverbial  stitch  in  time. 
A  chart  showing  lubrication  of  Walker  Balance  Drive  Unit  will 
be  found  at  Fig.  520. 

Armature  Bearings. — Apply  non-acid  medium  light  oil  once 
a  month.    Only  a  small  quantity  required. 

Differential. — Remove  the  hand-hole  cover  in  the  top  of  the 
rear  axle  motor  housing;  then  bring  the  screw  plug  in  differen- 
tial case  upward  by  turning  armature  by  hand ;  then  unscrew 
plug  with  screwdriver  (this  plug  does  not  come  out)  ;  then  fill 
differential  with  non-acid  medium  light  oil  and  be  sure  to  screw 
the  plug  down  solid  to  prevent  throwing  oil  out.  Oil  enters 
differential  slowly  through  small  holes  in  plug. 

Driving  Gears  in  the  Rear  Wheels. — Use  a  heavy  non-acid  oil 
in  warm  weather  and  lighter  oil  in  the  cold  weather.  There  is 
a  screw  plug  located  in  each  inside  disc  of  each  rear  wheel  near 
the  rim.  If  plug  is  removed  when  it  is  nearest  the  ground,  oil 
will  run  out  and  will  practically  drain  the  wheel.  If  no  oil  runs 
out,  the  gears  are  not  getting  sufficient  lubrication.  As  a  rule 
add  only  half  a  pint  of  oil  once  a  month.  Do  not  fill  up  wheel 
—a  quart  or  two  is  ample. 

Brake  Toggle  Pins  for  External  Brake. — A  little  oil  should  be 
squirted  on  these  from  an  oil  can  occasionally  to  prevent  them 
from  seizing. 

Grease  Cups. — Keep  supplied  with  a  light  grease  and  give  one 
turn  daily.  It  is  not  sufficient  to  fill  and  screw  down.  Make 
*ure  that  the  grease  reaches  the  bearing.  Grease  cups  are  pro- 
vided for  the  following  parts:  Brake  Cams,  Toggles  and  Pedal 
Kilcrums,  Spring  Bolts,  Steering  Pins,  Steering  Knuckles. 
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Controller. — The  controller  contact  plates  should  be  wiped  with 
a  cloth  only  slightly  wet  in  vaseline  or  good  acid-free  oil  at 
each  weekly  inspection.  This  removes  dirt  and  prevents  exces- 
sive wear  and  consequent  loose  contact  between  fingers  and 
contact  plates.  Leave  no  lint  or  excess  oil  to  collect  dirt.  Oil 
holes  will  be  found  at  the  principal  bearings.  Wiring  diagram 
of  Walker  electric  truck  is  shown  at  Fig.  521  and  various  speed 
combinations  at  Fig.  522. 

Winter  Operation  in  the  Garage— There  are  two  main  reasons 
for  housing  electrics  in  a  reasonably  heated  garage. 

1st — Storage  batteries  give  less  capacity  if  allowed  to  attain 
very  low  temperatures. 

2nd — Care  and  inspection  arc  both  likely  to  be  neglected  where 
quarters  are  uncomfortably  cold  for  the  workmen. 

Where  it  is  impossible  to  have  artificial  heat,  care  should  be 
taken  to  keep  out  extreme  cold.  After  charging  close  up  battery 
compartment  to  conserve  the  heat  which  the  batteries  have  gen- 
erated while  charging.  A  very  good  plan  is  to  charge  late  during 
the  night,  so  that  the  finish  will  come  just  before  the  vehicle  is 
taken  out  in  the  morning. 

Winter  Operation  on  the  Road. — Have  the  battery  box  closed 
so  as  to  exclude  cold  air.  This  will  prevent  the  batteries  from 
chilling  while  the  truck  is  upon  the  road. 
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TRUCK  OPERATING  COST  DETERMINATION 

Changing  from  Horse  to  Motor  Delivery — Horse  Inefficient  as  a  Ma- 
chine— Motor  Truck  Advantages — Technical  Assistance  Valuable — 
Comparing  Horse  and  Truck — Formula  for  Motor  Truck  Efficiency 
— Size  of  Business — Long  Hauls — Short  Hauls — Combination  of 
Long  and  Short  Hauls — Road  Conditions — Idle  Time — Route  Plan- 
ning Important  —  Variable  Loads  —  One-Way  Loads — Increase  of 
Business  —  Long  Distance  Motor  Transportation  —  Motor  Truck 
Freight  and  Operating  Costs — Need  of  Systematic  Maintenance  and 
Cost  Records  —  Determining  Motor  Truck  Costs  —  Typical  Cost 
Data— The  Ton-Mile  Basis  for  Cost  Figures— Relation  of  Miles  and 
Ton  Miles — Full  Load  Basis — Half  Load  Basis — Fractional  Load 
Basis  — Bonus  Systems  —  Fixing  Standards  —  One  Method  — The 
Three  Factors  in  Bonus  Systems — Poor  Economy  in  Towing  Horse 
Wagons — Obstacles  to  Manufacturer's  Inspection — Manufacturer's 
and  Dealer's  Service — System  is  Very  Thorough — Reports  Made  in 
Triplicate — Neglect  of  Truck  is  Shown — Inspectors  Ride  on  Trucks 
— Vim  Service  Station  System — Cashier  Must  Release  Machine — 
History  Card  Shows  Condition —  Value  of  Requisition  Forms — In- 
struction for  Parts  Disposal — Typical  Requisition  Forms — Truck 
and  Trailer  Laws  Digest. 

Changing  From  Horse  to  Motor  Delivery. — "Shall  we  install 
trucks,  or  shall  \vc  continue  with  our  horse  delivery  system?" 
This  question  is  perplexing  thousands  of  business  managers 
today  who  are  confronted  with  a  delivery  problem,  and  who 
realize  that  it  is  not  only  desirable  but  necessary  to  decide  the 
question  correctly.  It  is  our  aim  in  this  chapter  to  analyze  the 
fundamental  questions  involved  in  this  problem  in  such  a  man- 
ner that  these  merchants  may  apply  certain  basic  principles  to 
their  own  situations  and  arrive  at  a  decision  upon  which  they  can 
depend.  The  matter  was  discussed  in  an  interesting  way  in  the 
book.  "Motor  Trucks  of  America,"  published  by  the  B.  V.  C ood- 
rich  Company,  of  Akron,  Ohio. 

It  is  only  fair  at  the  outset  to  admit  the  impossibility  of  set- 
ting down  any  hard  and  fast  rule  which  covers  all  the  possible 
cases  that  might  come  up  for  consideration.    Every  one  is  a 
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law  unto  himself,  and  every  one  requires  individual  scrutiny  and 
analysis.  Often  two  dissimilar  delivery  problems  are  equally 
adaptable  to  the  economical  use  of  motor  trucks.  There  are  a 
dozen  or  more  features  to  each  problem  which  must  be  con- 
sidered and  every  one  must  be  given  its  due  weight.  It  will  not 
do  to  say  "This  man  has  long  hauls,  therefore  he  needs  trucks 
or  "this  man  carries  heavy  loads,  therefore  he  needs  trucks." 
It  may  be  that  the  long  hauls  are  made  upon  crowded  streets 
where  the  speedy  truck  has  to  crawl  along  behind  slow-moving 
dray  wagons,  or  the  heavy  loads  may  be  hauled  no  farther  than 
around  the  corner. 

Horse  Inefficient  as  a  Machine. — What  makes  the  problem 
pressing  is  the  knowledge  that  the  horse  is,  considered  by  his 
own  performances,  a  wasteful  machine.  As  a  motor  he  is  but 
two  per  cent  efficient,  so  far  as  heat  units  are  concerned.  That 
is,  of  the  heat  energy  taken  in  with  his  enormous  meals,  he  trans- 
mits but  two  per  cent  in  draw-bar  pull  on  the  vehicle  behind  him. 
His  limited  hours  of  labor,  and  his  comparatively  small  capacity 
for  load  and  speed,  considered  in  connection  with  the  expense 
of  feeding,  caring  for  and  housing  him  (as  well  as  his  bulky 
vehicle  and  harness),  condemn  him  at  the  start  for  inefficiency 
in  transportation. 

Motor  Truck  Advantages. — On  the  other  hand,  the  principal 
advantages  of  motor  transportation  are  conspicuous.  The  mere 
economy  in  garaging  these  compact  engines,  requiring,  as  they 
do,  about  one-eighth  the  space  of  the  horses  and  teams  they 
replace,  is  a  notable  item.  Instead  of  being  two  per  cent  efficient, 
they  transmit  from  fifty  per  cent  to  seventy-five  per  cent  of  the 
energy  of  their  "meals"  into  action.  Moreover,  their  great  speed 
and  their  tremendous  capacity  for  load  make  them  veritable 
giants  in  transportation. 

The  mere  fact,  however,  that  the  motor  truck  is  potentially 
fifteen  to  twenty  times  more  efficient  than  the  horse  does  not 
clear  up  the  perplexity  of  the  progressive  business  manager  who 
is  studying  his  delivery  problem.  The  greater  question  still 
remains  to  be  answered :  "Are  the  conditions  of  my  business  such 
that  I  can  take  advantage  of  this  superior  efficiency  of  the  motor 
truck?"  Here  he  is  asking  a  question  which  cannot  be  answered 
categorically.  It  can  only  be  answered  by  a  careful  examination 
of  the  several  phases  and  conditions  under  which  the  transpor- 
tation end  of  his  business  is  operated. 
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Technical  Assistance  Valuable. — At  this  point,  the  average 
business  man  needs  the  technical  assistance  gained  by  experience. 
The  capable  truck  salesman,  acknowledging  this  fact,  spends 
as  much  time  in  going  over  the  special  requirements  of  his  pros- 
pect's business  as  he  devotes  to  the  description  of  the  superior 
qualities  of  his  truck.  Fundamental  facts  are  investigated,  as 
they  are  more  important  than  the  particular  features  of  a  truck. 
Such  an  examination  is  made  not  without  difficulty.  It  is  pos- 
sible, however,  to  lay  down  a  principle  and  apply  it,  using  it 
as  a  guide  rather  than  a  hard-and-fast  rule.  This  guide  is  the 
principle  of  motor-truck  efficiency. 

The  reason  for  the  existence  of  the  motor  truck  is  that  it  car- 
ries more  and  goes  faster  than  a  horse  and  wagon.  This  is  its 
fundamental  justification.  A  truck  constantly  working  with  a 
capacity  load  attains  the  maximum  of  efficiency.  According  as 
it  is  interrupted  in  its  daily  travel  and  according  as  its  load  falls 
below  its  rated  capacity,  by  so  much  does  it  fail  to  realize 
the  hundred  per  cent  efficiency  of  which  it  is  theoretically 
capable. 

Comparing  Horse  and  Truck. — Let  us  compare,  for  instance, 
a  single  horse  and  wagon  capable  of  carrying  half  a  ton  at  a 
speed  of  four  miles  per  hour,  with  a  two-ton  truck,  which  is  able 
to  carry  two  tons  at  a  speed  of  twelve  miles  per  hour.  Using 
the  speed  and  load  of  the  horse-drawn  vehicle  as  units  of  com- 
parison, we  find  that  the  truck  develops  three  units  of  speed  and 
carries  four  units  of  load.  Carrying  out  these  figures,  we  find 
that  the  two-ton  truck  performs  twelve  units  of  work  as  com- 
pared to  a  single  unit  performed  by  the  horse  and  wagon.  This 
comparison  will  be  clearer  if  we  consider  that  the  truck  carries 
four  times  the  load  but  develops  only  the  same  speed  as  the 
horse  and  wagon.  Now  if  this  speed  is  increased  to  three  times 
that  of  the  horse,  it  will  be  seen  that  the  truck  not  only  carries 
four  times  but  carries  it  three  times  as  fast  as  the  horse-drawn 
vehicle,  making  the  relative  working  efficiency  of  the  truck 
twelve  times  that  of  the  horse. 

Let  us  now  suppose  that  this  truck  which  is  capable  of  thrice 
the  speed  and  tour  times  the  capacity  of  a  single  team,  carries  its 
load  on  a  certain  trip  at  a  rate  of  eight  miles  an  hour.  Inasmuch 
as  it  develops  twice  the  speed  of  a  team  and  carries  four  times 
the  load,  it  still  performs  eight  times  as  much  work  as  the  team. 
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Imagine  that  this  truck  runs  half  a  ton  in  the  afternoon.  Its 
average  load  for  the  day  is  one  ton,  which  is  twice  the  capacity 
of  the  team,  and  with  a  speed  of  three  times  and  a  load  of  twice 
the  team  capacity,  it  does  the  work  of  six  teams,  even  though 
during  half  the  day  it  was  engaged  in  carrying  a  load  far  beneath 
its  capacity. 

Formula  for  Motor-Truck  Efficiency.— With  these  facts  in 
mind,  we  are  able  to  produce  what  may  be  termed  a  formula  of 
motor-truck  efficiency,  using  the  efficiency  of  a  single  horse  and 
wagon  as  a  standard.   This  formula  may  be  expressed  as  follows: 

SPEED        X        LOAD        —  WORK 

As  Compared         As  Compared  As  Compared 

With  Team  With  Team  With  Team 

Or,  leaving  off  the  explanations,  which  are  now  understood,  we 
may  say  that  SPEED  X  LOAD  =  WORK. 

This  definite  formula,  while  not  conclusive,  we  believe  will 
prove  decidedly  valuable  as  a  guide  to  the  business  manager  in 
analyzing  his  delivery  problem,  lest  he  go  astray  in  the  intrica- 
cies of  a  confusing  analysis.  Transportation  engineering  is  not 
an  exact  science,  although  it  is  far  better  understood  now  than 
ever  before.  Many  variations  will  develop  in  different  lines  of 
business,  as  a  result  of  which  the  formula  above  may  not  accu- 
rately disclose  the  result  sought. 

In  applying  this  principle  to  any  delivery  problem,  the  investi- 
gator should  remember  that  it  is  seldom  a  truck  develops  any- 
where near  one  hundred  per  cent  transportation  efficiency.  Con- 
sidering that  such  a  truck  would  travel  four  times  as  fast  and 
carry  four  times  the  load  of  a  single  horse  and  wagon,  we  arrive 
at  the  astonishing  fact  that  this  single  truck  would  replace  six- 
teen single  teams.  If  a  power  wagon  system  could  be  operated 
on  such  a  basis,  there  would  be  no  problem  involved.  It  would 
pay  at  once  to  substitute  it  for  the  horse-drawn  system.  One 
should  not,  however,  refuse  to  consider  the  possibilities  of  a 
motor-delivery  system  merely  because,  early  in  the  examination, 
it  is  discovered  that  the  trucks  must  carry  less  than  their  capa- 
city load  and  stand  motionless  much  of  the  time.  The  problem 
requires  careful  accounting  to  discover  what  conditions  have 
a  bearing  on  the  basic  formula. 
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The  following  are  the  most  important  external  factors  which 
affect  the  speed  or  load  of  trucks,  and  consequently  affect  the 
work  or  returns  to  be  expected  from  them : 

(1)  SIZE  OF  BUSINESS.  Obviously,  the  size  of  a  given 
business  determines  whether  there  is  a  transportation  problem 
big  enough  to  involve  the  use  of  even  one  truck.  As  a  general 
rule  a  merchant  having  more  than  two  single-horse  wagons 
should  begin  to  give  consideration  to  the  question  of  motorizing 
his  delivery.  It  is  generally  said  that  one  truck  will  replace  four 
such  wagons.  No  one  can  say  definitely  how  many  teams  can 
be  replaced  by  one  truck,  except  in  a  given  instance.  There  are 
certain  kinds  of  business,  notably  freight  and  transportation  lines, 
in  which  one  truck  has  replaced  sixteen  single-horse  wagons. 
The  size  of  the  business,  however,  gives  one  merely  a  preliminary 
idea  as  to  the  advisability  of  motorizing.  A  further  analysis  of 
the  conditions  of  delivery  is  necessary  before  a  reliable  conclu- 
sion can  be  drawn. 

(2)  LONG  HAULS.  The  condition,  par  excellence,  in  favor 
of  motor  truck  operation  is  one  involving  long  hauls.  In  fact,  it 
may  be  almost  said  that  any  one  having  to  make  long  hauls  in 
his  business  sjiould  motorize  at  once  without  further  debate, 
u>  the  case  for  trucks  is  practically  settled  by  the  mere  statement 
of  this  condition.  In  making  long  hauls  the  truck  has  the  chance 
tu  shotv  that  speed  which  is  half  the  secret  of  its  efficiency.  Even 
if  the  other  half — the  capacity  for  load — were  entirely  missing 
and  it  carried  merely  the  cargo  of  a  single-horse  wagon,  it  would 
^ till  do  the  work  of  four  or  five  horses,  because  it  would  operate 
from  four  to  five  times  as  fast.    Commonly,  however,  it  has  a 

>od  load  to  carry  as  well,  in  which  case  both  factors  of  our  for- 
mula, speed  and  load,  are  present,  making  the  resultant  product, 
"work,"  very  high.  On  long  hauls  a  single  truck  has  often  re- 
placed a  dozen  or  more  horses  and  wagons. 

(3)  SHORT  HAULS.  Transportation  involving  short  hauls 
is  the  obverse  of  the  deal,  and  as  a  general  thing  represents  a 
condition  unfavorable  for  the  operation  of  motor  trucks.  The 
'actor  of  speed  is,  of  course,  the  most  noticeably  affected.  In 
Roing  short  distances  the  truck  has  scarcely  time  to  get  up  to 
high  speed  when  it  has  to  stop.  Of  more  serious  consequence 
than  that,  however,  are  the  stops  made  to  deliver  goods.  Fre- 
V»m  inaction,  of  course,  reduces  the  average  daily  speed  just 
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as  effectively  as  slow  driving.  If  a  truck  were  going  at  full  speed 
half  the  time  and  were  inactive  the  other  half,  its  daily  speed 
would  be  computed  as  one-half  its  potential  speed.  Moreover, 
the  factor  of  load  is  affected  by  short  hauls.  For  example,  if  it 
takes  a  whole  morning  to  deliver  a  load  piecemeal,  while  no  load 
is  carried  in  the  afternoon,  then  the  average  load  carried  is  only 
one-half  what  the  truck  might  haul. 

The  experience  of  many  concerns  is  worth  noting,  however, 
that  deliveries  made  to  several  points  which  are  over  three  blocks 
apart  are  just  outside  the  classification  of  short  hauls,  and  at 
these  distances,  limited  though  they  may  seem,  a  fast  truck  can 
often  perform  to  such  advantage  that  its  substitution  for  horse 
and  wagon  will  prove  advisable. 

(4)  COMBINATION'  OF  LONG  AND  SHORT  HAULS. 
It  sometimes  happens  that  although  business  requires  long  hauls 
to  certain  districts,  it  becomes  necessary  to  make  many  short 
hauls  and  stops  in  the  course  of  actually  delivering  the  mer- 
chandise. In  such  cases,  it  is  necessary  to  figure  carefully  to 
prevent  the  error  of  buying  and  using  trucks  wastefully.  Obvi- 
ously, while  the  truck  is  spinning  along  at  its  maximum  speed 
and  with  a  capacity  load  toward  the  region  in  which  the  dis- 
tribution of  goods  must  take  place,  it  is  developing  its  full  work- 
ing efficiency.  Once  arrived  there,  however,  and  employed  in 
making  house-to-house  deliveries,  it  becomes  scarcely  more  effi- 
cient than  a  single  horse  and  wagon.  Its  speed,  which  is  its  chief 
asset,  is  cut  down  to  almost  nothing.  And  more  than  that,  its 
load  suffers  a  gradual  reduction  over  a  long  period  of  time,  so 
that  in  many  instances  a  truck  engaged  in  deliveries  of  this  nature 
may  work  a  whole  day  with  an  average  load  of  but  half  its 
capacity. 

Many  traffic  managers,  when  confronted  by  a  situation  of  this 
kind,  employ  one  or  two  trucks  to  make  trips  at  high  speed  along 
the  radii  which  lead  to  the  outlying  districts  where  actual  deliv- 
eries must  be  made.  Once  loaded,  these  trucks  without  stopping, 
deliver  their  entire  burden  to  suitable  stations  from  which,  after 
redistribution  into  small  units,  it  is  taken  up  again  by  horse- 
drawn  vehicles,  more  suited  to  the  work  of  house-to-house  deliv- 
ery. Department  stores  which  make  deliveries  to  distant  sub- 
urbs sometimes  find  it  profitable  to  use  small,  fast  delivery  cars 
exclusively.    These  machines,  to  begin  with,  cost  no  more  than 
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a  good  horse  and  wagon  equipment  such  as  they  would  otherwise 
have  to  maintain.  There  would  be  no  economy,  therefore,  in 
transferring  a  load  from-  one  conveyance  to  another  of  similar 
capacity,  while  such  a  method  might  involve  a  decided  loss,  due 
to  the  slower  pace  of  the  horse,  delivery,  and  to  the  longer  hours 
of  the  driver  and  helper. 

(5)  ROAD  CONDITIONS.  Bad  road  conditions  may  some- 
times affect  the  efficiency  of  motor  trucks  by  cutting  down  their 
speed,  or  by  making  necessary  frequent  overhauling  and  adjust- 
ment of  their  mechanical  parts.  There  are  very  few  cities  in  this 
country  in  which  the  imperfect  road  conditions  are  a  serious 
obstacle  to  the  introduction  of  motor  trucks,  provided  other 
business  conditions  would  justify  their  use.  In  fact,  in  typical 
American  fashion,  certain  cities  whose  normal  growth  and  de- 
velopment have  been  hindered  by  the  burden  of  old  and  worn- 
<»ut  pavements  which  have  prevented  the  use  of  both  motor  cars 
and  trucks,  have  recently  appropriated  large  sums  of  money  for 
repaying  with  a  view  to  overcoming  these  handicaps.  Such  dif- 
ficulties are  too  often  magnified  out  of  their  true  proportion, 
however,  and  many  a  merchant  allows  himself  to  be  frightened 
away  from  an  aid  which  might  save  him  hundreds  of  dollars  in 
his  annual  transportation  bill. 

Again  steep  grades  may  make  it  necessary  to  haul  loads  of 
less  than  the  normal  rated  capacity  of  a  truck.  This  apparent 
disadvantage  may  be  overcome  by  other  conditions  which  in  com- 
parison with  horse-drawn  service,  stamp  the  truck  as  much  more 
efficient  than  the  team.  For  example:  In  the  sultry,  withering 
heat  of  summer  the  truck  when  traveling  up  grades  doesn't  re- 
Muire  the  frequent  rests,  and  consequent  loss  of  time,  necessary 
to  prevent  prostration,  while  the  last  two  winters  have  abun- 
dantly proved  the  dependability  of  the  motor  in  conditions  of 
snow  and  ice  which  render  the  horse  highly  uncertain  and  far  less 
powerful  even  when  sharp  shod. 

(6)  IDLE  TIME.  It  sometimes  happens  that  the  pressure  of 
business  varies  greatly  during  the  course  of  every  day,  so  that 
while  a  truck  may  make  a  long  and  profitable  trip  at  one  time  of 
the  day,  it  may  stand  idle  a  large  part  of  the  time.  This  is,  of 
course,  not  a  favorable  condition  for  truck  operation,  although 
it  cannot  be  adjudged  so  in  any  particular  case  without  careful 
accounting.  Idleness  or  its  equivalent,  slow  motion,  may  also 
produced  by  the  congestion  and  delays  often  met  with  at 
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freight  terminals  and  docks,  or  on  crowded  streets,  to  say  noth- 
ing of  the  greater  delays  often  occasioned  by  the  condition  of  the 
merchant's  own  shipping  and  receiving  'departments. 

While  all  these  factors  should  be  recognized  and  introduced 
in  our  formula  at  their  real  value,  the  merchant  should  early 
realize  that  the  advent  of  the  motor  truck  means  a  new  order  of 
things  with  regard  to  shipping  facilities  and  shipping  programs. 
The  horse  has  long  been  with  us,  and  the  impress  of  his  person- 
ality and  slow  ways  still  remains  on  our  commerce.  His  lagging 
pace,  his  limited  capacity  for  load,  his  limited  hours  of  labor, 
and  most  important  of  all,  his  low  cost  and  that  of  the  vehicle 
he  draws — all  these  things  have  been  faithfully  reflected  in  our 
shipping  rooms,  our  shipping  clerks,  our  freight  docks,  and  our 
terminals. 

The  motor  truck  is  comparatively  expensive.  It  commonly 
replaces  three  or  four  wagons,  and  when  it  is  standing  still,  four 
horses  are  lying  idle.  It  is  capable  of  good  speed  and  enormous 
loads.  It  asks  for  work;  and  when  given  its  capacity  it  starts 
complacently  away  with  a  cargo  which  five  horses  could  hardly 
stir,  and  carries  it  four  times  as  fast.  By  doing  these  prodigies 
it  can  stand  idle  at  our  horse-planned  shipping  rooms  and  freight 
docks,  and  still,  out  of  the  bounty  of  efficient  performance  when 
in  action,  declare  the  merchant  a  profit.  Idleness,  however,  is  a 
spendthrift  waste,  and  one  which  should  be  eliminated. 

The  merchant,  therefore,  has  to  approach  this  question  of  idle 
time  from  two  points  of  view.  While  he  must  faithfully  recog- 
nize those  factors  in  his  business  which  may  prevent  his  giving 
steady  employment  to  one  or  more  trucks,  he  must  also  look 
sharply  into  every  department  of  his  business  to  see  whether  it 
cannot  be  re-arranged  or  "speeded  up"  so  as  to  enable  him  to 
take  advantage  of  this  valuable  machine  in  transportation. 

Route  Planning  Important. — Proper  planning  of  deliveries  may 
make  it  possible  to  keep  one  truck  busy  all  day,  eliminating  as 
many  as  five  horses.  Problems  which  require  more  flexible  treat- 
ment may  often  be  solved  by  a  combination  of  truck  and  horse- 
system,  as  was  suggested  in  the  case  of  the  merchant  who  had 
to  transport  his  goods  several  miles  from  his  store  and  then  de- 
liver them  practically  from  house  to  house:  The  average  mer- 
chant may  be  surprised  to  discover,  upon  examination,  that  his 
present  delivery  system  is  capable  of  alteration.  And  it  is  the 
exceptional  business  using  at  present  three  or  more  horses,  which 
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cannot,  by  careful  and  creative  planning  be  made  to  accommodate 
a  motor-delivery  system  with  better  results.  The  merchant  who 
does  not  conscientiously  examine  his  own  business  with  that  idea 
in  view  is  cheating  himself  of  an  opportunity  which  his  keener 
competitor  may  be  using  against  him. 

Besides  replanning  deliveries,  it  is  generally  necessary  to  re- 
vamp the  shipping-room.  The  average  shipping  department  is 
dominated  by  the  very  spirit  and  presence  of  Old  Dobbin.  Here 
easy  customs  prevail.  The  average  traffic  manager  suffers  no 
special  pang  to  look  out  upon  his  horse  and  wagon  standing  idle 
perhaps  an  hour  before  being  loaded  and  another  half  hour  while 
being  loaded.  Now,  progress  has  changed  all  this.  In  the  larger 
centers,  where  motor  delivery  is  practically  universal,  we  see 
traveling  belts,  gravity  chutes,  and  spiral  slides,  escalators  for 
carrying  heavy  articles,  and  various  other  devices  for  feeding  the 
cargo  on  to  the  waiting  truck  in  a  fractional  part  of  the  time 
in  which  the  grocer  loads  his  wagon.  In  many  cases,  elaborate 
apparatus  cannot  be  installed,  but  the  business  manager  may  as 
well  absorb  the  spirit  of  such  devices  and  infuse  it  into  his  ship- 
ping department,  so  systematizing  and  speeding  it  up  that  the 
load  shall  be  waiting  for  the  truck,  not  the  truck  for  the  load. 

.(7)  VARIABLE  LOADS.  Just  as  idle  time  affects  the  factor 
of  Speed,  in  our  formula,  so  conditions  involving  a  wide  variation 
in  the  amount  to  be  carried  affect  the  factor  of  load.  Conse- 
quently, if  the  load  factor  falls  below  what  might  be  called  an 
average  load  for  four  horses,  the  resultant  product  of  work  will 
doubtless  be  so  small  as  to  render  the  use  of  a  motor  truck  un- 
profitable. If,  however,  the  truck  is  constantly  busy  with  an 
average  single-horse  load,  it  may  still  operate  more  advanta- 
geously than  horse  delivery,  because  the  truck  is  able  to  do  the 
work  of  four  or  five  horses  by  means  of  its  four-  or  five-fold 
greater  speed.  If,  therefore,  a  given  transportation  problem  in- 
volves the  moving  of  widely  variable  loads,  the  most  satisfactory 
solution  is  to  be  found  through  the  use  of  trucks  whose  capacity 
is  somewhat  under  that  of  the  average  load  to  be  carried.  Rather 
than  employ  units  which  can,  in  one  load,  carry  away  bodily 
the  accumulation  of  a  day's  freight,  it  is  considered  better  prac- 
tice to  have  two  or  three  smaller  trucks  which  can  keep  busily 
pegging  away,  moving  part  of  the  merchandise,  at  the  same  time 
leaving  a  certain  amount  behind  like  a  balance  in  the  bank.  If 
the  factors  of  load  and  speed  are  thus  kept  up  to  a  fair  average, 


Digitized  by  Google 


898 


The  Motor  Truck 


the  resultant  amount  of  work  produced  is  considerably  greater 
than  would  be  economically  possible  by  means  of  horses. 

This  principle,  though,  if  followed  blindly,  will  lead  on  into 
difficulties.  If  a  man  wishes  to  move  four  tons  of  reasonably 
compact  merchandise,  it  is,  generally  speaking,  cheaper  to  use 
a  single  four-ton  truck  than  two  two-ton  trucks.  Where  a  load 
of  definite  size  and  weight  can  be  depended  on,  the  most  satis- 
factory course  is  to  buy  a  truck  to  fit  that  load.  It  would  not  be 
in  the  least  economical  to  employ  several  trucks  every  day  mov- 
ing merchandise  that  one  truck  of  the  proper  capacity  could 
carry. 

Merchants  who  have  a  large  business  but  still  have  the  prob- 
lem of  variable  loads  to  contend  against,  sometimes  use  one  large 
truck  and  several  small  ones.  In  this  way,  the  large  truck  may 
be  kept  busy  moving  capacity  loads,  in  the  most  economical 
fashion,  while  the  smaller  trucks,  when  not  engaged,  are  not  so 
expensively  idle. 

(8)  ONE-WAY  LOADS.  Although  a  business  house  having 
one-way  loads  to  contend  against  has  an  expensive  transporta- 
tion problem  to  begin  with,  the  use  of  motor  trucks  should  be 
seriously  considered,  especially  if  long  hauls  are  involved,  in 
which  the  trucks  may  develop  fairly  high  speed.  Many  truck 
lines  do  a  one-way  business  and  show  a  profit  over  horse  and 
wagon,  solely  because  of  the  speed  factor. 

(9)  INCREASE  OF  BUSINESS.  There  is  another  consid- 
eration, however,  which  is  altogether  separate  from  the  matter 
of  truck  efficiency,  but  which  may  prove  to  be  more  important 
than  all  the  factors  which  we  have  considered.  This  is  the  pos- 
sible increase  of  business  afforded  by  the  comparatively  greater 
field  of  operations  of  the  motor. 

It  can  be  readily  seen  that  if  this  increase  of  business  amounts 
to  much,  the  additional  profits  may  take  care  of  the  entire  ex- 
pense of  the  transportation,  making  it  a  sort  of  free  gift  to  the 
business.  We  are  inclined  to  believe  this  phase  of  the  question 
deserves  more  and  receives  less  consideration  from  the  business 
man  than  almost  any  o  *ier.  This  is  perhaps  because  it  requires 
creative  imagination.  The  merchant,  however,  who  knows  how 
to  reckon  on  this  future  gain  is  doing  creative  planning  of  the 
highest  order,  and  may  expect  rewards  in  proportion. 

We  have  now  indicated  the  most  important  conditions  of  busi- 
ness operation  which  affect  the  speed  and  the  loading  of  motor 
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vehicles  and  consequently  their  work.  The  manager  who  will 
apply  these  principles  to  his  own  business  can  tell  with  reason- 
able certainty  what  motor  trucks  will  do  for  him.  His  problem 
from  now  on  is  one  of  accounting. 

The  formula  Speed  X  Load  =  Work  has  served  its  purpose, 
for  it  has  told  the  merchant  what  part  of  the  possible  hundred 
per  cent  efficiency  of  motor  trucks  the  conditions  of  his  business 
permits  him  to  obtain.  With  a  view  to  answering  the  question 
asked  at  the  beginning  of  this  discussion,  he  must  now  figure 
out  in  dollars  and  cents  whether  the  Work  of  Trucks  compared 
with  their  Cost  exceeds  Work  of  his  Horse  Delivery  compared 
with  its  Cost.  It  is  apparent  that  whatever  we  may  say  against 
that  discredited  animal,  the  horse,  we  must  take  off  our  hats  to 
him  in  this  one  respect ;  he  is  still  the  standard  by  which  other 
means  of  city  and  suburban  transportation  are  judged,  according 
to  cost  and  according  to  results.  The  question  then  is  how  does 
the  cost  of  motor  delivery  compare  with  that  of  the  horse 
standard  ? 

We  can  do  no  more  in  this  paper  than  indicate  the  points 
which  will  come  up  in  such  a  comparison.  The  cost  of  his  pres- 
ent equipment  is  no  doubt  all  too  well  known  to  the  merchant. 
The  feed  bills,  the  stable  rent,  the  wagon  repairs,  these  appear 
in  concrete  form  on  his  ledgers. 

The  cost  of  the  new  equipment  is  not  known,  but  may  be  esti- 
mated closely.  The  first  cost  of  the  trucks,  is,  of  course,  to  be 
had  to  a  cent.  This,  however,  should  not  be  charged  against 
one  year's  expense,  but  should  be  distributed  over  the  several 
which  can  confidently  be  expected  as  the  term  of  life  of  a  good 
truck.  The  old  equipment  must  be  disposed  of  perhaps  all  at 
once,  perhaps  gradually.  Certain  expenses  will  be  incurred  in 
making  over  the  shipping-room  to  accommodate  this  new  type 
of  transportation  service.  As  to  the  cost  of  operating  the  trucks, 
reliable  figures  may  be  obtained  from  truck  agents  or  commer- 
cial journals  which  will  give  him  a  pretty  close  estimate.  Cer- 
tain things  are  already  known  to  him:  such  as  wages,  interest, 
and  terms  of  payment  for  the  trucks.  To  these  he  must  add  such 
factors  as  garaging  the  trucks  and  keeping  them  in  repair. 

Knowing  the  cost  of  his  present  equipment  and  the  results  he 
is  getting  from  it,  and  having  scientifically  estimated  the  cost 
of  a  truck  delivery  system  and  the  results  to  be  expected  from  it, 
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he  is  thus  in  a  position  to  make  a  reasonably  convincing  com- 
parison, the  result  of  which  should  have  a  distinct  and  logical 
bearing  on  his  decision. 

Long  Distance  Motor  Transportation. — The  problem  of  good 
roads  is  only  one  part  of  a  bigger  problem — transportation.  It 
is  necessary  to  state  this  obvious  fact  for  the  simple  reason  that 
the  obvious  is  usually  the  last  thing  we  see.  The  other  half  of 
the  problem  is  vehicles,  plus  their  motive  power.  Good  transpor- 
tation has  resolved  itself  into  two  things:  good  roads  and  motor 
trucks.  A  favorable  sign  of  the  times  is  the  growing  recogni- 
tion on  the  part  of  good  roads  advocates  that  good  roads  exist 
for  the  use  of  better  transportation  media — the  motor  truck  and 
the  automobile.  The  motor  truck  is  not  only  replacing  horse 
transportation,  but  in  many  cases  it  is  supplanting  railroads. 
The  motor  truck  is  the  solution  of  the  modern  transportation 
problem. 

In  addition  to  the  unlimited  use  of  motor  trucks  for  delivery 
purposes,  they  are  substituting  for  railroads,  where  the  railroads 
themselves  are  using  them  to  replace  spurs,  which  are  a  source 
of  expense  and  difficulty.  Also  in  inter-city  shipments  large  truck 
companies  operate  transportation  service  for  merchandise,  sup- 
plies, etc.    An  idea  of  the  extent  of  this  form  of  transportation 
which  is  calling  for  better  roads  and  the  best  motor  trucks  is 
given  by  the  example  of  Callan  Brothers,  of  New  York,  who 
operate  a  motor  truck  transportation  system  within  a  radius  of 
400  miles  of  New  York  City.    They  have  a  fleet  of  over  forty 
seven-and-one-half-ton  trucks.     They  have  closely  connected 
their  service  with  the  Erie  Barge  Canal,  which  runs  from  Buffalo 
on  Lake  Erie  across  the  State  of  New  York,  joining  the  Hudson 
River  at  Troy,  a  distance  of  387  miles.  Callan  Brothers  have  linked 
their  eight  large  warehouses,  with  a  storage  capacity  of  900.000 
square  feet,  and  their  motor  truck  service  with  the  terminals  of 
the  canal  in  New  York  City  and  important  up-state  transship- 
ment points  along  the  canal.    The  Harlem  River  Ship  Canal  is 
eight  miles  long.   Callan  Brothers  unload  freight  direct  from  the 
canal  barges  at  their  warehouses  alongside  their  yard  for  ship- 
ment by  their  large  fleet  of  motor  trucks  and  deliver  direct  to 
consignees  or  to  warehouses  to  be  held  for  future  delivery  in 
New  England,  New  Jersey,  Delaware,  Pennsylvania,  or  other 
seaboard  states  or  to  trans-Atlantic  piers  in  New  York  City. 
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These  motor-truck  transport  systems  are  claimed  to  be  the 
outcome  of  the  inability  of  the  railroads  to  handle  the  great  quan- 
tities of  freight  which  have  congested  railway  traffic  in  all  parts 
of  the  country.  This  condition  is  responsible  for  the  discovery 
of  the  real  value  of  the  motor  truck  as  a  transportation  medium. 
Motor  trucks  were  used  in  connecting  the  broken  lines  of  railroad 
shipping  and  are  replacing  the  use  of  local  freight  trains  on 
"short  hauls"  to  a  considerable  extent,  thereby  releasing  freight 
cars  for  the  more  essential  shipments  on  longer  hauls. 

Shipping  freight  by  motor  trucks  means  less  handling,  less 
damage  and  safer  delivery.  It  eliminates  at  least  five  handlings 
of  goods  as  shipped  by  railroad:  first,  from  factory  or  ware- 
house to  freight  station ;  second,  loading  from  freight  station  or 
truck  to  cars ;  third,  unloading  at  destination  from  cars  to  trucks 
or  freight  station ;  fourth,  unloading  from  trucks  to  stores,  fac- 
tories or  warehouses;  and  fifth,  handling  in  case  the  goods  are 
removed  from  the  car  to  freight  station  and  held  until  the  con- 
signee sends  a  motor  truck  to  remove  them. 

Distances  considered  practical  for  motor-truck  transportation 
are  held  by  various  authorities  to  average  from  100  to  300  miles. 
In  special  instances,  trips  of  400  miles  have  been  made.  The 
establishing  of  long-distance  motor-truck  service  during  the 
emergency  of  the  war  is  undoubtedly  the  forerunner  of  a  con- 
tinuation of  such  service  on  an  even  larger  scale  in  the  era  of 
peace.  The  service  is  demonstrating  to  manufacturers  and 
merchants  that  motor-truck  transportation  is  the  only  way  to 
escape  delays  caused  by  the  slow-moving  local  railroad  freight 
trains  and  the  loss  of  time  that  had  frequently  been  experienced 
even  before  the  railroad  freight  congestion  became  so  acute. 

When  counterbalanced  by  their  capacity  and  more  extended 
distance  of  travel,  the  upkeep  of  motor  trucks  has  proved  to  be 
less  expensive  than  the  maintenance  of  horses.  One  of  the  big 
Mack  trucks  of  the  Callan  fleet  has  been  in  the  service  for  four 
years,  and  it  has  never  had  its  engine  taken  down  for  a  general 
overhauling.  It  is  still  in  commission,  carrying  its  rated  capacity 
load  every  day.  The  following  is  a  schedule  of  the  distances  and 
time  made  by  Callan  Brothers'  sevcn-and-a-half-ton  Mack  trucks: 

The  schedule  gives  a  practical  insight  into  the  transportation 
methods  of  the  immediate  future.  Motor  truck  transportation 
has  come  to  stay.   The  problem  now  is  to  perfect  and  develop  it. 
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Hours 
Miles         per  Tni) 


New  York  to  Philadelphia    100  12 

New  York  to  Baltimore    188  21 

New  York  to  Dover,  Del   172  21 

New  York  to  Waterbury,  Conn   95  11 

New  York  to  New  Haven,  Conn   77  9 

New  York  to  Bridgeport,  Conn   58  8 

New  York  to  Hartford,  Conn   113  16 

New  York  to  Springfield.  Mass   139  18 

New  York  to  Worcester,  Mass   190  23 


Department  stores  in  New  York  City  and  Philadelphia  are 
extensively  patronizing  long-distance  motor-truck  freight  service. 
This  method  of  transportation  insures  prompt  receipt  of  goods. 

The  products  carried  by  motor  trucks  have  hardly  any  limi- 
tations. Recentlv  several  tons  of  finished  leather,  valued  at 
$40,000,  were  shipped  by  motor  truck  from  Philadelphia  to  New 
York  over  night.  Railroad  service  at  the  same  time  would  have 
required  from  four  to  seven  days.  Machinery  manufacturers  and 
cotton  and  woolen  mills  in  Xew  England  cannot  well  afford  to 
await  the  arrival  of  slow  incoming  freights,  so  they  have  their 
raw  materials  delivered  to  them  by  motor  trucks  in  express  time. 
Heavy  machinery  is  delivered  direct  from  shops  and  foundries 
in  Connecticut  to  factories  in  Xew  York  City.  Wholesale  gro- 
cers deliver  in  Washington  from  warehouses  in  Baltimore.  Tons 
of  high  explosives  that  railroads  refuse  to  carry  are  delivered 
by  motor  trucks  with  but  one  handling  after  they  leave  the  chem- 
ical works.    And  so  on  "ad  infinitum." 

Engineers  who  for  years  have  been  engaged  in  the  building  of 
better  roads  are  now  including  in  their  efforts  the  problem  of 
better  motor  transportation.  They  realize  that  good  roads  are 
but  a  means  to  an  end — efficient  transportation,  the  getting  of 
things  from  where  they  are  to  where  they  are  needed  in  the  best, 
quickest  and  most  economical  manner. 

Within  a  range  of  50  to  100  miles  the  motor  truck  is  today 
easily  a  competitor  on  better  than  even  terms  with  the  railroads. 
All  that  is  needed  to  widen  the  limits  of  this  zone  is  the  building 
of  smooth,  hard-surfaced  highways  of  adequate  strength.  Gov- 
ernment recognition  has  been  taken  of  this  fact,  and  a  new  gov- 
ernment department  is  to  be  born  out  of  the  stress  of  the  great 
war.  Its  purpose  will  be  to  create  a  country-wide  system  of 
roads  that  can  be  used  in  winter  as  well  as  summer.  This  has 
the  double  strategical  value  of  a  strictly  military  measure  and  of 
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relieving  railroads.  It  is  now  proposed  that  topographical  maps 
be  prepared  showing  our  present  loosely  constructed  and  unsys- 
tematic highways.  With  these  as  a  basis,  a  plan  will  be  made 
of  an  interlocking  system  of  roads,  upon  which  the  products  of 
the  nation  may  be  moved  from  coast  to  coast,  and  from  the 
Canadian  border  to  the  Gulf  of  Mexico.  New  and  sounder  types 
of  roads  than  heretofore  will  have  to  be  constructed,  having  as 
the  first  consideration  the  greatly  increased  wear  and  tear  of 
heavy  trucks.  Even  the  best  of  our  existing  highways  are  not 
calculated  to  withstand  continuous  traction  of  heavy  duty  trucks. 

Farmers  are  turning  to  motor-truck  transportation.  Thou- 
sands of  them  are  now  served  by  motor-truck  express  lines  with- 
out which  they  would  hardly  be  able  to  ship  milk  or  farm  prod- 
uce. This  service  has  enabled  them  to  materially  increase  their 
production,  with  a  certainty  of  reaching  the  market.  In  Mary- 
land there  are  twenty  such  lines  carrying  supplies  into  Baltimore 
and  Washington.  They  have  a  daily  capacity  of  115,690  ton- 
miles  and  haul  more  than  500  tons  a  day  into  these  markets  and 
take  back  an  equal  amount  of  merchandise  to  farmers  and 
country  merchants.  The  United  States  Food  Administration 
states  that  one  man  with  a  truck  can  haul  as  much  farm  produce 
as  three  men  with  wagons,  and  cover  three  times  the  distance. 
All  of  this  emphasizes  in  a  general  way  the  conditions  that  have 
obtained  in  railroad  transportation  and  explains  why  industrial 
and  commercial  interests  are  turning  more  and  more  from  what 
had  been  considered  "short  hauls"  to  the  use  of  motor  trucks  for 
transportation.  Business  men  first  turned  to  motor-truck  service 
to  meet  an  emergency;  now  they  are  turning  to  it  to  insure 
against  interruptions  and  delays  in  carrying  on  their  operations. 

Motor  Truck  Freight  and  Operating  Costs. — In  handling 
freight  by  motor  trucks,  says  R.  E.  Fulton,  of  the  International 
Motor  Company,  New  York,  two  principles  are  involved :  First, 
service ;  second,  cost.  Every  question  in  connection  with  the 
use  of  motor  trucks  falls  under  one  or  the  other  of  these  heads. 

Comparing  railroad  freight  charges  with  motor-truck  freight 
charges,  it  is  necessary  to  include  all  the  incidental  items  of  ex- 
pense connected  with  them. 

Sometimes  manufacturers  figure  that  a  railway  freight  rate 
of  50  cents  per  100  lbs.  is  cheaper  than  a  motor  truck  freight  rate 
of  75  cents  per  100  lbs.  between  the  same  points.  In  the  freight 
rate  of  50  cents  all  the  expense  of  making  the  shipment,  starting 
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with  the  boxing  or  packing  cost,  and  all  other  expenses  incurred 
until  delivery  is  made  to  the  receiver  in  good  order,  have  been 
overlooked. 

The  general  traffic  manager  of  one  of  the  largest  manufactur- 
ing concerns  in  the  United  States  figured  out  what  it  cost  them 
to  ship  freight  by  railroad  and  by  motor  truck  between  various 
eastern  points.  In  railway  freight  cost  he  included  the  first-class 
freight  rate,  by  which  their  goods  would  have  to  be  shipped,  plus 
15  cents  per  100  lbs.,  teaming  charges  from  shipper's  warehouse 
to  freight  house,  plus  15  cents  per  100  pounds  teaming  charge 
from  freight  warehouse  to  receiver's  warehouse,  plus  24  cents  per 
100  lbs.  increased  cost  of  boxing  to  cover  shipments  on  account 
of  increased  weight  caused  by  increased  boxing. 

Without  including  several  other  items  of  expense,  this  gave 
the  following  table  of  comparative  freight  rates  per  100  lbs. : 


l-'rora 

I.. 

Via  Freight 

Via  Motor  Truck 

Yonkers 

New  York   

 $1.04 

$0.20 

New  York 

 91 

.15 

New  York 

.18 

New  York 

 91 

.20 

New  York 

 91 

.20 

New  York 

 91 

.40 

New  York 

 98 

.60 

New  York 

  1.02 

New  York 

  1.05 

1.00 

New  York 

  1.13 

1.20 

New  York 

  1.15 

1.05 

New  York 

  1.02 

.63 

Ntw  York 

  1.02 

.63 

New  York 

  1.03 

.65 

New  York 

  1.06 

.68 

New  York 

  1.10 

.70 

New  York 

  1.13 

.73 

New  York 

  1.13 

.73 

New  York 

  1.13 

.73 

New  York 

  1.13 

.73 

New  York 

  1.15 

.74 

New  York 

  1.16 

.75 

New  York- 

  1.16 

.75 

New  York 

  1.21 

.90 

New  York 

  1.25 

1.00 

New  York- 

  1.25 

1.10 

New  York 

  1.31 

1.50 

New  York 

  1.36 

1.50 

New  York 

Providence.  R.  I  

•  •••«•••••*•  1 .  3*» 

1.10 
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In  addition  to  this,  it  is  necessary  in  practically  every  case  to 
prepare  material  for  freight  shipment  in  an  entirely  different 
way  than  when  it  is  shipped  by  motor  truck  direct  from  shipper 
to  receiver.  There  is  a  considerable  additional  expense  for  crat- 
ing, or  to  protect  by  other  means  to  prevent  loss  or  damage  in 
transit.  This  extra  expense  is  necessary  because  of  the  number 
of  handlings  less  than  carload  shipments  received  at  the  hands 
of  teamsters  and  carriers  after  the  material  leaves  the  shipping 
department.  This  increased  protection  and  expense  can  be 
greatly  reduced  it  shipments  are  made  by  motor  truck,  as  the 
packages  only  need  protection  for  loading  at  shipper's  ware- 
house, in  transit  without  transfer,  and  unloading  at  receiver's 
warehouse.  Then,  in  shipping  by  motor  truck,  instead  of  by  rail, 
a  great  amount  of  clerical  work  in  the  form  of  extra  bookkeeping, 
billing,  etc.,  is  eliminated.  Where  extra  packing  is  necessary 
extra  room  is  recmired  for  the  boxing  department.  Then  if  rail- 
way freight  shipments  are  delayed  there  is  the  additional  trouble 
of  tracing  them.  If  the  shipment  arrives  in  damaged  condition, 
there  is  the  further  difficulty  of  collecting  from  the  railroad 
company. 

Contrasted  to  this  is  the  example  Of  Marshall  Field  &  Com- 
pany, who  guarantee  to  make  delivery  within  50  miles  of  their 
store  within  24  hours,  so  well  is  their  motor  transportation  sys- 
tem organized.  Boxing  often  carries  from  ten  per  cent  to  twenty 
per  cent  of  its  weight  in  moisture,  unless  it  is  kiln  dried  prior 
to  boxing.  The  Otis  Elevator  Company  estimates  that  by  the 
use  of  motor  trucks  it  saves  more  than  $100,000  a  year  in  lumber 
alone. 

Delivery  time  is  all  in  favor  of  the  motor  truck,  and  if  manu- 
facturers will  take  into  account  all  the  various  costs  and  charges 
which  are  part  of  true  freight  transportation  costs,  they  will  find 
that  motor  trucks  can  be  operated  successfully  and  economically 
in  competition  with  railways  for  distances  between  10  and  125 
miles.  In  figuring  the  cost  of  operating  trucks  there  are  many 
faulty  systems  in  use.  These  systems  overlook  many  little  items 
which  find  their  way  into  the  expense  account  and  often  cause 
considerable  loss  to  the  operator  who  overlooks  them.  The  fol- 
lowing table  gives  items  of  cost  which  must  be  determined  upon 
the  basis  of  size  of  truck,  miles  traveled  and  tonnage  hauled: 
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Assumption 

Working  days  per  year 
Miles  per  day 
Miles  per  year 
Miles  life  of  car 

Investment 

Chassis  with  standard  equipment 
Body 

Fixed  Charges 

Interest  on  investment 
Insurance 

Fixed  depreciation  (exclusive  of  tires) 

Wages 

Garage  rent 

Operating  Charges 
Maintenance 
Tires 
Gasoline 
Oil  and  grease 

Total  Cost  per  Annum 
Total  Cost  per  Day 
Total  Cost  per  Ton  Mile 

Often  trucks  will  do  unusual  mileage  at  surprisingly  small  cost 
for  repairs.  We  frequently  get  letters  about  Mack  trucks  that 
have  given  exceptional  service.  One  of  these  unusual  cases  is 
that  of  the  two-ton  Mack  operated  by  M.  Mauro,  of  Plainfield, 
N.  J.,  which  has  traveled  45,000  miles  with  practically  no  expense 
for  repairs.  Another  Mack  has  traveled  30,000  miles  and  the  only 
repair  expense  incurred  was  $65  on  account  of  the  driver  allowing 
the  motor  to  freeze  up  last  winter.  Such  remarkable  service  as 
this  cannot  always  be  expected  ;  but  these  instances  serve  to 
show  the  possibilities  of  a  good  truck  if  given  reasonable  care. 

Need  of  Systematic  Maintenance  and  Cost  Records. — In  rail- 
road practice  an  express  passenger  locomotive  is  inspected  at  the 
end  of  every  80  miles — a  freight  locomotive  every  150  or  200 
miles.  As  many  as  five  inspectors  work  on  a  locomotive  at 
one  time.    Each  is  responsible  for  certain  groups  or  parts. 

As  showing  the  relative  cost  of  different  kinds  of  maintenance 
service  and  the  importance  placed  on  cleaning  and  inspecting 
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every  part  both  inside  and  out,  the  following  distribution  of 
labor  on  passenger  engines  may  be  of  interest: 

Wiping,  cleaning,  washing  and  inspection    60% 

Dinkeriitg  and  firing  up    Wk 

Watching,  hostling  and  calling:    12% 

Supplying,  coaling  and  sanding    10% 

Turn  table  and  laborers    6% 

Total    100% 


Under  these  conditions  passenger  locomotives  run  127,000 
miles  without  going  to  the  shop  for  overhauling — freight  loco- 
motives 100,000  miles. 

On  four  out  of  five  of  the  trunk  lines  west  of  New  York  the 
locomotive  repairs  are  4.4,  7,  12  and  16.6  cents.  The  first  road 
has  the  heaviest  grades  of  the  four,  the  last  road  runs  30,000,000 
locomotive  miles.  Its  repairs  cost  12  cents  per  mile  more  than 
the  first — it  is  losing  $3,600,000  a  year. 

Just  as  the  transportation  lines  have  set  down  "roundhouse" 
care  as  of  paramount  importance,  motor  truck  operators  should 
Rive  the  same  subject  even  more  attention,  for  their  machines 
are  traveling  over  all  conditions  of  road  surface,  multiplying 
many  times  the  necessity  of  inspection  work,  and,  as  a  rule,  the 
vehicles  are  not  operated  by  as  highly  trained  and  skilled  hands 
as  are  railway  locomotives. 

Determining  Motor  Truck  Costs. — In  writing  on  the  subject 
ol  determination  of  motor-truck  operating  costs,  Mr.  Charles 
Sidney  Lyon,  an  engineer  in  the  New  York  Packard  sales  organ- 
ization, summarizes  the  matter  in  a  few  words,  as  follows: 

"The  reader  must  bear  in  mind  that  the  actual  cost  of  oper- 
ating a  motor  truck  depends  on  many  things,  among  them  being : 

Ability  of  the  driver  and  his  interest  in  the  truck. 

Inspection,  maintenance  and  periodical  adjustments. 

Periodical  lubrication. 

General  characteristics  of  business  or  trade. 

I-oading  and  unloading  facilities. 

Road  and  traffic  conditions. 

Miles  per  day  and  length  of  haul. 

Tons  per  trip. 

Operating  hours  per  day. 

Operating  days  per  annum. 

Obviously,  it  is  impossible  to  prepare  a  single  chart  which  will 

Digitized  by  Google 


908  The  Motor  Truck 

represent  exact  operating  costs,  even  for  two  companies  in  the 
same  business  in  the  same  city.  In  many  instances  salesmen 
have  given  operating  cost  figures  without  careful  consideration 
of  the  transportation  problem  involved,  and  in  many  cases  it 
ended  up  in  a  discussion  which  is  quite  undesirable.  One  truck 
owner  will  claim  that  $5.00  a  day  is  too  much  for  a  driver  and 
another  will  prove  that  he  must  pay  $6.00  or  more  a  day.  One 
owner  will  claim  that  three  cents  per  mile  for  maintenance  and 
overhaul  is  too  high  and  another  will  say  it  is  too  low. 

Insurance  cost  will  vary  according  to  the  locality  and  the  line 
of  business.  Not  all  motor  truck  owners  will  be  willing  to  estab- 
lish a  sinking  fund  on  a  mileage  basis.  Gasoline  consumption 
will  vary  according  to  operating  conditions.  Gasoline  does  nut 
sell  at  twenty-seven  cents  per  gallon  in  every  city.  Companie.- 
operating  large  fleets  of  trucks  usually  purchase  gasoline,  lubri- 
cants and  tires  at  wholesale  prices. 

Before  anyone  can  tell  a  prospective  purchaser  how  much  it 
will  cost  a  day  to  operate  a  motor  truck,  it  is,  in  our  opinion,  ven 
important  that  he  be  in  possession  of  all  operating  facts.  In 
order  that  we  may  establish  a  definite  policy,  we  have  succeeded 
in  getting  out  charts  which  represent  the  cost  of  motor  vehicle 
of  Packard  make  from  one  to  one  and  a  half  ton  to  six  tons  in- 
clusive.   A  set  of  these  is  reproduced. 

We  believe  that  these  figures  represent  as  nearly  as  possible, 
the  actual  cost  of  operating  a  Packard  motor  truck,  providing 
the  operating  conditions  are  similar  to  the  ones  these  charts  are 
based  on.  Should  you  find  an  occasion  to  use  any  of  these  oper- 
ating cost  charts,  it  is  requested  you  mention  that  the  figure 
given  will  not  apply  in  all  localities.  They  are  chiefly  valuable 
as  a  guide  to  show  how  costs  are  worked  out.  You  will  note  on 
the  operating  cost  charts,  under  interest,  that  we  used  the  Na- 
tional Standard  Truck  formula  for  computing  interest.  Thi> 
formula  is  far  superior  to  the  old  method  of  computing  interest 
by  compounding  same." 

This  writer  also  recommends  the  National  Truck  Cost  System 
as  the  best  method  of  keeping  records  of  operating  costs  of 
trucks.  Readers  interested  in  this  system  can  procure  full  in- 
formation by  writing  the  Truck  Owners  Conference,  Inc.,  Chi- 
cago, III.  It  is  exceptionally  complete,  and  should  be  of  great 
value  as  everything  is  so  clearly  explained  and  the  forms  are 
so  simple  that  any  clerk  can  keep  up  the  system. 
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PACKARD  VA-\yA  TON  TRUCK 

Investment 

Chassis    $3,200.00 

Freight    55.00 

War  Tax    74.40 

Body,  Top.  etc   350.00 


Total  (Basis  for  Computing  Interest)    $3,679.40 

Less  tire  value    203.16 


Sinking  Fund    $3,476.24 

New  York  City  and  vicinity. 
Second  insurance  classification. 
Operating  300  days  per  annum. 

Insurance 

Fire  and  Theft    $  39.05 

Collision,  full  coverage    139.00 

Liability    285.00 

Property  Damage    125.40 


Total    $588.45 


Sinking  Fund 

$3,476.24      100.000  miles  =  3.476  cents  per  mile. 
Interest 

Use  National  Standard  Truck  Cost  Formula. 

A  +  1        C  X  B 

  X   

A  2 

Wherein  A  equals  sinking  fund  j'eriod  or  expected  life  of  truck;  B  equals 
investment ;  C  equals  interest  rate. 

iiitsnline 

MILES  PER  GALLON' 

Good  Average  Fair 

7.5  7  6 


OPKRATINC  COST  PER  DAY 


Miles  per  Day 

20 

30 

40 

50 

60 

  $1.00 

$1.00 

$1.00 

$1.00 

$1.00 

  5.00 

5.00 

5.00 

5.00 

5.00 

 08 

.08 

.08 

.08 

.08 

  1.96 

1.96 

1.96 

1.96 

1.96 

 70 

1.04 

1.39 

1.74 

2.09 

 37 

.38 

.39 

.40 

.41 

 77 

1.16 

1.54 

1.93 

2.31 

 12 

.18 

.24 

.30 

.35 

*  "Average" 

miles  per  gallon 

u>cd  in 

computation. 

t  "Necessary"  lubrication  used  in  computation, 

/ 
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Miles  per  Day 

20 

30 

40 

50 

60 

.41 

.61 

.81 

1.15 

\22 

 45 

.68 

.90 

1.13 

1.35 

Total  Cost  per 

Day   

10.86 

12.09 

13.31 

14.69 

15.77 

Total  Cost  per 

3627.00 

3993.00 

4407.00 

4731.00 

Total  Cost  per 

.54 

.40 

.33 

.29 

.26 

LUBRICATION    PER    1,000  MILES 

(Includes  Refilling) 

Necessary  Desirable 


Gallons 

Cost 

Gallons 

Cost 

Cylinder  Oil  @ 

  625 

$4,375 

8.333 

$5.83 

Heavy  Oil  @ 

  1.25 

1.00 

1.666 

1.333 

Grease  @ 

  3.333 

.568 

5. 

.85 

.0059 

.008 

Maintenance  and  Overhaul 

Total  cost  of  maintenance  and  overhaul  during  operation  over  100,000  miles 
estimated  at  $2,250.00  or  2.25  cents  per  mile. 


Tires 

$203.16       10,000  miles  =  2.03  cents  per  mile. 
Miscellaneous 

State  License   

Garage  Rent  per  Month   

Driver's  Wages  per  Day   

Gasoline  per  Gallon  

Guaranteed  Tire  Mileage  10,000 

PACKARD  2-2K>  TON  TRUCK 


Investment 

Chassis    $3,600.00 

Freight    70.00 

War  Tax    83.7" 

Body,  Top,  etc   4O0.<*> 


Total  (Basis  for  Computing  Interest)   $4,153.7^ 

Less  tire  value    233.64 


Sinking  Fund   $3,920.06 
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Operating  Conditions 

New  York  City  and  vicinity. 
Second  insurance  classification. 
Operating  300  days  per  annum. 

/  n  sttrancc 

Fire  and  Theft    $  45.69 

Collision,  full  coverage    148.00 

Liability    285.00 

Property  Damage    125.40 

Total    $604.09 


Sinking  Fund 

$3,920.06  +  100,000  miles  =  3.92  cents  per  mile. 

Interest 

Use  National  Standard  Truck  Cost  Formula  previously  given. 

Gasoline 

MILES  PER  GALLON 

Good  Average  Fair 

7  6.5  5.5 


OPERATING  COST  PER  DAY 


Miles  per  Day 

20 

30 

40 

50 

60 

,  $1.00 

$1.00 

$1.00 

$1.00 

$1.00 

5.00 

5.00 

5.00 

5.00 

5.00 

.10 

.10 

.10 

.10 

.10 

.  ,  ,  2.01 

2.01 

2.01 

2.01 

2.01 

 78 

1.17 

1.47 

1.96 

2.34 

.44 

.47 

.48 

.50 

.52 

.8? 

1.24 

1.66 

2.08 

2.49 

 12 

.18 

.24 

.30 

.35 

Tires   

47 

.70 

.93 

1.17 

1.40 

Maintenance  and  Overhaul 

 50 

.75 

1.00 

1.25 

1.50 

Total  Cost  per 

....  IUS 

12.62 

13.89 

15.37 

16.71 

Total  Cost  per 

...  .1575.00 

3786.00 

4167.00 

4611.00 

5013.00 

Total  Cost  per 

Mile   

.41 

.35 

.31 

.28 

*  "Avera<<  "  mile    ju  r  gallon  used  in  computation. 

t"Nt.T   ;?  "  lubrication  used  in  computation. 
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LUBRICATION  PER  1,000  MILES 

(Includes  Refilling) 

Necessary  Desirable 


Gallons  Cost  Gallons  Cost 

Cylinder  Oil  @ 

70  per  gal   625            $4,375  8.333  $5.83 

Heavy  Oil  @ 

.80  per  gal   1.25              1.00  1.666  1J33 

Grease  @ 

.17  per  lb   .568  5.  .85 

Cost  per  Mile    .0059  .008 


Maintenance  and  Overhaul 

Total  cost  of  maintenance  and  overhaul  during  operation  over  100.000  miles 


estimated  at  $2,500.00  or  2.5  cents  per  mile. 
Tires 

$233.64  -*-  10,000  miles  =  2.33  cents  per  mile. 
Miscellaneous 

State  License    $30.00 

Garage  Rent  per  Month    25.0U 

Driver's  Wages  per  Day    5.00 

Gasoline  per  Gallon   27 

Guaranteed  Tire  Mileage  10,000 

PACKARD  3-3/,  TON  TRUCK 

Investment 

Chassis    $4,350.00 

Freight    70.00 

War  Tax    101.14 

Body,  Top,  etc   500.00 

Total  (Basis  for  Computing  Interest)    $5,021.14 

Less  tire  value    312.48 

Sinking  Fund    $470&66 

Operating  Conditions 

New  York  City  and  vicinity. 
Second  insurance  classification. 
Operating  300  days  per  annum. 

Insurance 

Fire  and  Theft    $  53.35 

Collision,  full  coverage    159.00 

Liability    285.00 

Property  Damage   125.40 

Total   $62275 

Sin  king  Fund 

$4708.66  ■+■  100,000  miles  =  4,708  cents  per  mile. 
/ nt crest 

Use  National  Standard  Truck  Cost  Formula. 
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Gasoline 

MILES  PER  GALLON 

Good            Average  Fair 

5.5                4.8  4.3 

OPERATING  COST  PER  DAY 

Miles  per  Day                                20  30  40  50  60 

Garage                                          $1.00  $1.00  $1.00  $1.00  $1.00 

Driver                                            5.00  5.00  5.00  5.00  5.00 

Taxes   13  .13  .13  .13  .13 

Insurance                                         2.08  2.08  2.08  2.08  2.08 

Sinking  Fund  94  1.41  1.88  2.35  2.82 

Interest   53  .55  .56  .59  .60 

Gasoline*                                        L12  1.69  2.25  2.87  3.37 

Lubricationf  W  .23  .31  .39  .47 

Tires   62  .94  125  1.56  1.87 

Maintenance  and  Overhaul  60  .90  1.20  1.50  1.80 

Total  Cost  per 

Day                                             12.18  13.93  15.66  17.41  19.14 

Total  Cost  per 

Year   3654.00  4179.00  4698.00  5223.00  5742.00 

Total  Cost  per 

Mile   61  .48  .39  .35  .31 


LUBRICATION    PER   1,000  MILES 

(Includes  Refilling) 

Necessary  Desirable 

Gallons  Cost           Gallons  Cost 

Cylinder  Oil  @ 

.70  per  gal                           8.33  $5.83            10.41  $7.28 

Heavy  Oil  @ 

.80  per  gal                           1.666  1.333  -         2.5  2.00 

Grease  @ 

.17  per  lb                            3.75  .64  5.41  .92 

Cost  per  Mile    .0078  .0102 

Maintenance  and  Overhaul 

Total  cost  of  maintenance  and  overhaul  during  operation  over  100,000  miles 
estimated  at  $3,000  or  3  cents  per  mile. 

Tires 

$312.48  -t-  10,000  miles  =  3.124  cents  per  mile. 
Miscellaneous 

State  License    $40.00 

Garage  Rent  per  Month    25.00 

Driver's  Wages  per  Day    5.00 

Gasoline  per  Gallon   .27 

Guaranteed  Tire  Mileage  10,000 

*  "Average"  miles  per  gallon  used  in  computation, 
t  "Necessary"  lubrication  used  in  computation. 
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PACKARD  TON  TRUCK 

Investment 

Chassis    $4,550.00 

Freight    70.00 

War  Tax    10579 

Body,  Top,  etc   500.00 

Total  (Basis  for  Computing  Interest)    $5,225.79 

Less  tire  value   327.56 

Sinking  Fund    $4,896.23 

Operating  Conditions 
New  York  City  and  vicinity. 
Second  insurance  classification. 
Operating  300  days  per  annum. 

Insurance 

Fire  and  Theft    $  59.48 

Collision,  full  coverage    168.00 

Liability    285.00 

Property  Damage    125.40 

Total    $637^8 

Sinking  Fund 
$4,898.23   :-  100.000  miles  =  4.898  cents  per  mile. 

Interest 

Use  National  Standard  Truck  Cost  Formula. 

A  +  1       C  X  B 

  X   

A  2 

Wherein  A  equals  sinking  fund  period  or  expected  life  of  truck;  B  equals 
investment ;  C  equals  interest  rate. 

Gasoline' 

MILES  PER  GALLON 

Good  Average  Fair 

5  4.4  4 

OPERATING  COST  PER  DAY 

• 

Miles  per  Day                               20  30  40  50  60 

Garage                                             $1.00  $1.00  $1.00  $1.00  $1.00 

Driver                                              5.00  5.00  5.00  5.00  5.00 

Taxes   17  .17  .17  .17  .17 

Insurance                                          2.13  2.13  2.13  2.13  213 

Sinking  Fund   98  1.47  1.96  2.45  2.94 

Interest   55  .57  .59  .61  .63 

Gasoline*                                            1.23  1.84  2.45  3.06  3.68 

Lubricationf  16  .23  .32  .39  .48 

Tires   66  .98  1.31  1.32  1.97 

Maintenance  and  Overhaul   65  .98  1.30  1.63  1.95 

*  "Average"  miles  per  gallon  used  in  computation, 
t  "Necessary"  lubrication  used  in  computation. 
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Miles  per  Day                                20  30          40  50  60 
Total  Cost  per 

Day                                             12.53  14.37      16.23  17.76  19.95 

Total  Cost  per 

Year   3759.00  4311.00   4859.00  5328.00  5985.00 

Total  Cost  per 

Mile  63  .48         .41  .36  .33 

LUBRICATION   PER   1,000  MILES 

(Includes  Refilling) 

Necessary  Desirable 


Gallons 

Cost 

Gallons 

Cost 

Cylinder  Oil  @ 

8.33 

$5.83 

10.41 

$7.28 

Heavy  Oil  @ 

1.666 

1.333 

2.5 

2.00 

Grease  @ 

.17  per  lb  

. .  3.75 

.64 

5.41 

.92 

.0078 

.01 

Maintenance  and  Overhaul 

Total  cost  of  maintenance  and  overhaul  during  operation  over  100,000  miles 
estimated  at  $3,250.00  or  3.25  cents  per  mile. 

Tires 

$327.56      10,000  miles  —  3275  cents  per  mile. 
Miscellaneous 

State  License    $50.00 

Garage  Rent  per  Month    25.00 

Driver's  Wages  per  Day    5.00 

Gasoline  per  Gallon   .27 

Guaranteed  Tire  Mileage  10,000 

PACKARD  5-5'/,  TON  TRUCK 

Investment 

Chassis    $5,450.00 

Freight    80.00 

War  Tax    126.71 

Body,  Top,  etc   700.00 

Total  (Rasis  for  Computing  Interest)    $6,356.71 

Less  tire  value   398.90 

Sinking  Fund   \   $5,957.81 

Operating  Conditions 

New  York  City  and  vicinity. 
Second  insurance  classification. 
Operating  300  days  per  annum. 
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Insurance 

Fire  and  Theft   $  69.92 

Collision,  full  coverage    174.00 

Liability    285.00 

Property  Damage    125.40 

Total   "$654.32 

Sinking  Fund 
$5,957.85  h-  100,000  miles  =  5.957  cents  per  mile. 

Interest 

Use  National  Standard  Truck  Cost  Formula. 

Gasoline 

MILES  PER  GALLON 

Good  Average  Fair 

4.5  3.8  3 

OPERATING  COST  PER  DAY 

Miles  per  Day                                20  30  40  50  60 

Garage                                           $1.00  $1.00  $1.00  $1.00  $1.00 

Driver                                             5.00  5.00  5.00  5.00  5.00 

Taxes   18  .18  .18  .18  .18 

Insurance                                           2.18  2.18  2.18  2.18  2.18 

Sinking  Fund                                    1.19  1.79  2.38  2.98  3.57 

Interest   68  .69  .71  .74  .76 

Gasoline*                                          1.42  2.13  2.80  3.55  4.26 

Lubricationf   20  .31  .41  .51  .61 

Tires   80  1.20  1.60  2.00  2.40 

Maintenance  and  Overhaul  75  1.13  1.50  1.88  225 

Total  Cost  per 

Day                                             13.40  15.61  17.76  20.02  2221 

Total  Cost  per 

Year   4020.00  4683.00  5328.00  6006.00  6663.00 

Total  Cost  per 

Mile   67  .52  .44  .40  .37 

LUBRICATION   PER   1,000  MILES 

(Includes  Refilling) 

Necessary  Desirable 

Gallons           Cost  Gallons  Cost 

Cylinder  Oil  @ 

.70  per  gal                          10.833          $7.58  14.58  $1021 

Heavy  Oil  @ 

.80  per  gal                           2.5              2.00  3.333  2.67 

Grease  @ 

.17  per  lb                            4.166             .71  6.25  1.06 

Cost  per  Mile                                            .0102  .0139 

♦"Average"  miles  per  gallon  used  in  computation. 

t  "Necessary"  lubrication  used  in  computation. 
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Maintenance  and  Overhaul 

Total  cost  of  maintenance  and  overhaul  during  operation  over  100,000  miles 
estimated  at  $3,750.00  or  3.75  cents  per  mile. 

Tires 

$398.90  -*-  10,000  miles  =  3.989  cents  per  mile.  * 
M iscellaneous 

State  License    $55.00 

Garage  Rent  per  Month    25.00 

Driver's  Wages  per  Day    5.00 

Gasoline  per  Gallon   .27 

Guaranteed  Tire  Mileage  10,000 

PACKARD  6-614  TON  TRUCK 

Investment 

Chassis    $5,700.00 

Freight    80.00 

War  Tax    132. 53 

Body,  Top,  etc   700.00 


Total  (Basis  for  Computing  Interest)    $6,612.53 

Less  tire  value   465.06 


Sinking  Fund   $6,147.47 

Operating  Conditions 
New  York  City  and  vicinity. 
Second  insurance  classification. 
Operating  300  days  per  annum. 

/  nsurance 

Fire  and  Theft    $  72.74 

Collision,  full  coverage    179.00 

Liability    285.00 

Property  Damage    125.40 


Total    $662.14 

Sinking  Fund 
$6,147.47  -4-  100,000  miles  =  6.147  cents  per  mile. 

Interest 

Use  National  Standard  Truck  Cost  Formula. 

Gasoline 

MILES  PER  GALLON 

Good  Average  Fair 

4.2  3.3  2.5 

OPERATING  COST  PER  DAY 

Miles  per  Day  20         30         40  50  60 

Garage    $1.00      $1.00      $1.00      $1.00  $1.00 

Driver    5.00       5.00       5.00       5  00  5.00 
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Miles  per  Day                                 20          30           40         50  60 

Taxes                                               20         .20         20         20  20 

Insurance   :             221        221        221        221  221 

Sinking  Fund                                     123        1.84        2.46        3.07  3.69 

Interest   70         .72         .74         .77  .79 

Gasoline*                                          1.76        2.63       3.41        4.39  5.27 

Lubrication!   20        .31         .40        .51  .60 

Tires   93        1.40        1.86        2.33  279 

Maintenance  and  Overhaul   80       1.20       1.60       2.00  2.40 

Total  Cost  per 

Day                                            14.03       16.51       18.88      21.48  23.95 

Total  Cost  per 

Year   4209.00   4953.00   5664.00   6444.00  7185.00 

Total  Cost  per 

Mile   70         .55         .47         .43  .40 

LUBRICATION   PER   1,000  MILES 

(Includes  Refilling;) 

Necessary  Desirahle 

Gallons            Cost            Gallons  Cost 

Cylinder  Oil  fa 

.70  per  gal   10.833  $7.58  14.58  $10.21 

Heavy  Oil  (a 

.80  per  gal.                           2.5              2.00             3.333  2.67 

Grease  (a 

.17  per  lb                            4.166             .71             6.25  1.06 

Cost  per  Mile                                                .0102  .0139 

Maintenance  and  Overhaul 

Total  cost  of  maintenance  and  overhaul  during  operation  over  100,000  miles 
estimated  at  $4,000  or  4  cents  per  mile. 

Tires 

$465.06  -*~  10,000  miles  =  4.65  cents  per  mile. 
}fiscellaneous 

State  L  icensc    $60.00 

Garage  Rent  per  Month    25.00 

Driver's  W  ages  per  Day    5.00 

Gasoline  per  Gallon    27 

Guaranteed  Tire  Mileage  10.000 

*  "Average"  miles  per  gallon  used  in  computation, 
f  "Necessary"  lubrication  used  in  computation. 
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THE  TON-MILE  BASIS  FOR  COST  FIGURES 

The  Ton-Mile,  Package-Mile,  the  M-Foot-Mile,  etc.,  and  How 

to  Figure  Them. 

Sydney  S.  Merithew 

Reprinted  from  One-Hundred  Per  Cent  Magazine 

Cost  figures,  when  properly  compiled,  furnish  one  of  the  only 
reliable  bases  from  which  to  improve  any  service.  Particularly 
is  this  true  of  transportation  systems  and  delivery  service.  These 
figures  must  also  be  brought  to  the  same  level  to  be  of  any  serv- 
ice for  comparison.  This  last  statement,  in  itself,  must  be  care- 
fully considered,  for  it  is  common  practice  to  make  all  sorts  of 
comparisons,  disregarding  all  the  conditions  surrounding  the 
things  to  be  compared.  The  ton-mile  and  its  different  varied 
forms,  of  which  the  package-mile,  the  M-foot-mile  and  the  de- 
livery-mile are  but  the  more  important,  is  but  the  result  of  get- 
ting a  common  basis  for  making  comparisons. 

But  again,  it  should  be  known  and  appreciated  that  when  the 
ton-mile  basis  is  attained  it  may  be  affected  to  a  great  extent  by 
other  conditions.  To  illustrate:  If  the  conditions  surrounding  a 
delivery  employing  two  trucks  of  the  same  capacity  are  identi- 
cal except  in  the  number  of  miles  which  each  travels,  the  ton- 
mile  cost  will  not  be  the  same.  The  table  below,  taken  from 
standard  cost  figures,  will  prove  this.  From  this  table  we  con 
see  that  increasing  the  daily  mileage  in  this  case  from  15  to  60 
miles  has  reduced  our  ton-mile  cost  over  57  per  cent.  Of  course, 
there  is  a  reason  for  this. 

The  Reason. — Truck  costs  as  generally  figured  are  of  two 
kinds :  Fixed — those  which  must  be  paid  every  day,  even  if  the 
truck  stands  idle  all  day;  and  Variable — those  which  depend  on 
the  work  which  the  truck  performs.  The  cost  of  any  work  per- 
formed by  the  truck  consists  of  the  fixed  and  variable  charges 
for  the  time  required  to  do  the  work. 

The  fixed  charge  is  the  same  regardless  of  mileage,  so  the 
fixed  charge  per  mile  will  depend  on  the  number  of  miles. 

Suppose  the  fixed  charge  is  $4.00  per  day.  Now.  if  the  dam- 
mileage  is  20,  the  charg  e  per  mile  will  be  $0.20,  but  if  the  mile- 
age is  40,  the  charge  per  mile  will  be  only  $0.10.    Let  us  assume 

/ 
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the  variable  charge  to  be  $0.07  per  mile.  Then  in  the  two  cases 
above  we  have  a«mileage  charge  of  $0.27  and  $0.17,  respectively. 

Relation  of  Miles  and  Ton-Miles. — Thrpugh  some  misunder- 
standing, ton-miles  are  figured  in  almost  as  many  ways  as  there 
are  companies  figuring,  and  it  is  our  purpose  to  show  the  basis 
on  which  ton-miles  must  be  figured  to  be  correct.  Defined,  a 
ton-mile  is  the  carrying  of  one  ton  one  mile.  Similarly,  the 
package-mile  is  the  carrying  of  a  package  one  mile,  and  the  M- 
foot-mile  is  the  carrying  of  M  feet  one  mile.  Obviously,  the 
ton  mile  is  the  most  convenient  unit  for  the  coal  dealer,  a  con- 
tractor or  a  miller;  the  package-mile  is  equally  suited  to  the 
express  company  or  the  department  store,  while  the  lumber 
dealer  will  find  the  M-foot-mile  of  most  use.  A  five-ton  truck 
loaded  to  capacity  will  accomplish  five  ton-miles  in  going  one 
mile.  Ton-miles  then  depend  on  the  miles  traveled  and  the  load 
carried.  It  is  very  essential  to  get  the  proper  relation  of  these 
two  items  if  we  want  a  proper  unit  cost. 

Some  users  have  multiplied  the  miles  traveled  per  day  by  the 
total  weight  in  tons  carried  that  day.  This  might  be  right  if  the 
truck  made  but  one  trip,  but  if  more  trips  were  made  this  result 
should  be  divided  by  the  number  of  trips.  Even  this  result  rep- 
resents the  ideal  condition  and  not  an  average  one. 

There  are  at  least  three  hauling  conditions: 


Full  load  basis: — 

(1)  Miles  per  trip  X  Total 

or 

(2)  Miles  per  day 


tons 

packages 
M-feet 


(tons 
packages 
M-feet 


per  day  = 


per  trip  = 


Half  load  basis: — 

Miles  per  trip 


or 


(3) 


(4) 


Miles  per  day 


X  Total 


X  Average 


tons 

packages 
M-feet 

ton 

package 
M-feet 


per  day 


per  trip  = 


Fractional  load  basis:— 
Miles  per  trip 


(5) 


Total  Miles  4- 


Total 
X  Loaded  • 
Miles 


tons 

packages 
M-feet 


,  .  Miles  per  day 
W    Total  Miles^h 


Average 
X  Loaded 
Miles 


tons 

packages 
M-feet 


per  day 


•  per  trip 


ton  } 
package 
M-foot  J 

Miles 

ton  1 
-  package 
M-foot  J 

Miles 

ton 
•  package 
M-foot 

Miles 

ton 

•  package 
M-foot  t 

•  Miles 

f ton 

\  package 
[M-foot 

|  Miles 

f  ton 

tar. 

1  Miles 
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Carrying  a  capacity  load  the  entire  length  of  a  round  trip. 

Carrying  a  capacity  load  to  a  given  point  and  returning  empty. 

Carrying  a  capacity  load  out  and  returning  with  a  partial  load. 

Starting  with  a  capacity  load  and  distributing  it  over  the  en- 
tire round  trip  may  be  considered  in  the  second  group. 

Each  of  these  conditions  should  be  figured  differently,  and  we 
believe  the  following  methods  correct.  The  first  we  will  call 
"full  load"  basis;  the  second,  "half  load"  basis,  and  the  third, 
"three-quarter  or  fractional"  basis. 

Figuring  on  the  Basis. — In  figuring  on  the  "full  load"  basis, 
every  mile  of  travel  is  represented  by  an  actual  load,  and  so  the 
cost  can  be  equally  distributed  over  the  entire  mileage.  On  the 
"half  load"  basis  only  half  the  mileage  is  represented  by  a  load, 
and  so  the  loaded  miles  must  pay  for  the  empty  miles.  Also  on 
the  "three-quarter  or  fractional"  basis  only  a  part  of  the  entire 
miles  traveled  are  represented  by  a  capacity  load,  and  these 
empty  miles  must  be  paid  by  the  loaded  miles. 

A  formula  for  figuring  these  conditions  can  be  expressed  in 
either  of  two  ways.    By  trips  we  mean  round  trips. 

A  single  example  will  prove  that  either  formula  will  produce 
the  same  result. 

A  l^-ton  truck  makes  four  trips  a  day,  travels  60  miles,  and 
carries  a  capacity  load  both  ways.  How  many  ton-miles  are 
represented? 

The  round  trip  distance  equals  15  miles.    Then  by  formula 
number  (1)  15  (miles)  X  (4  X  l»5  tons)  =90  ton-miles. 
And  by  formula  number  (2) : 
60  (miles)  X  l»5  tons  =  90  ton-miles. 

Let  us  suppose  that  this  truck  only  carried  a  load  one  way. 
Xow  if  we  want  to  find  the  correct  ton-miles  we  must  either 
use  formula  3  or  4.    Using  (3)  we  will  get: 

~2    ^  (4  x  1.5  tons)  =  45  ton-miles. 

It  will  be  noted  that  this  result  is  one-half  that  found  under 
the  "full  load"  basis.  The  ton-mile  cost  will  be  double  that  of 
the  "full  load"  basis,  and  this  is  right,  for  the  loaded  miles  must 
pay  for  the  empty  ones. 

Again  let  us  suppose  that  this  same  truck  went  out  with  a 
full  load  and  returned  with  a  half  load.    The  correct  ton-mileage 
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can  he  found  by  the  use  of  either  formula  (5)  or  (6).  Using  (6  ) 
the  result  will  he: 

60 

7z  tz  V  1.5  —  67.5  ton  miles. 

60 -=-45 

Cost  Per  Ton-Mile. — Figuring  the  cost  per  ton-mile  is  a  sim- 
ple matter  when  once  the  number  of  ton-miles  is  known,  pro- 
viding our  costs  are  right.  Costs,  however,  are  not  a  part  of 
this  article.  The  single  statement  that,  if  the  daily  cost  and  the 
ton-miles  are  known,  simple  division  will  give  the  ton-mile  cost, 
may  be  of  interest  in  closing  this  article. 

BONUS  SYSTEMS 

GEO.  W.  VEALE,  Director,  Dept.  of  Standards, 
Timken-Detroit  Axle  Co.,  Detroit 

A  very  practical  way  of  increasing  the  efficiency  of  motor 
truck  use  is  to  establish  a  bonus  for  the  drivers  and  helpers. 
The  ideal  to  accomplish  in  such  a  plan  is  precisely  the  same  as 
that  in  the  payment  of  bonuses  for  shop  performance.  Through 
encouraging  individual  effort,  the  efficiency  of  the  truck  operation 
is  greatly  increased,  both  as  to  accomplishment  and  cost.  Al- 
most any  bonus  or  premium  plan  can  be  applied  to  the  operation 
of  the  motor  trucks  after  having  found  a  satisfactory  unit  for 
gauging  standard  performance. 

Care  must  be  taken  in  establishing  the  bonus  plan  to  make 
sure  that  only  such  items  as  are  under  the  operator's  control  are 
included,  therefore  it  is  not  practicable  to  use  the  TOTAL  COST 
where  this  is  intended  to  include  taxes,  interest  on  investment, 
regular  depreciation,  etc.  These  items  are  generally  handled  on 
a  yearly  basis,  which  makes  the  monthly  charge  the  same  under 
all  conditions,  regardless  of  the  performance.  If,  therefore,  such 
items  are  included  in  the  standard  for  the  operator's  bonus  plan, 
they  are  likely  to  have  undue  influence,  and  at  times  make  the 
plan  ineffective.  ' 

In  a  business  where  it  is  measurable  the  best  unit  for  com- 
paring accomplishments  seems  to  be  the  PER  TON-MILE, 
which  simply  means  the  hauling  of  one  ton  mile;  if  you  take  one 
ton  five  miles  you  will  have  five  ton-miles,  and,  likewise,  if  you 
carry  five  tons  one  mile  you  will  get  the  same — five  ton-miles. 
This  unit,  coupled  with  the  cost  over  which  the  operator  has 
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control,  gives  the  best  basis  for  establishing  motor  trucking  on 
a  bonus  plan.  Where  irregular  hauling  problems  make  it  dif- 
ficult to  secure  ton-miles,  package-miles  or  other  units  may  be 
substituted. 

The  driver  is  directly  responsible  to  a  large  degree  for  all  of 
the  items  listed  below,  and  should  therefore  be  given  the  oppor- 
tunity of  personal  gain  through  his  efficient  use  of  them: 

1.  Miles  Traveled. 

2.  Pounds  Carried. 

3.  Time  Consumed. 

4.  Wages  of  Driver  and  Helper. 

5.  Tire  Expense. 

6.  Maintenance  Expense. 

7.  Gasoline,  Oil  and  Grease. 

8.  Time  in  Service. 

9.  Time  Waiting  for  Loading  and  Unloading. 

Several  of  these  items  are  only  contributory,  but  as  such  they 
have  an  effect  upon  the  final  unit  cost. 

The  use  of  daily  trip  report  records  is  established  showing  the 
performance  on  all  of  the  above  items,  which  form  a  basis  for 
determining  a  standard  cost.  (Fig.  523.)  These  records  should 
be  summarized  by  individual  trucks.    (Fig.  524.) 

It  is  then  necessary  to  transform  these  individual  truck 
monthly  records  into  a  combined  statement.  For  this  purpose, 
several  more  headings  have  been  found  useful.  All  headings 
are  listed  below,  because  the  statement  itself  is  not  in  readily 
reducible  form: 


Asset  Account  No. 

Truck  Name. 

Gals.  Cylinder  Oil. 

Gallons  Gasoline. 

Average  Miles  Per  Trip. 

Gals.  Anti-Freeze. 

Repairs,  Material  and  Labor. 

Operating  Labor. 

Total  Expense. 

Operating  Hours.  . 

Idle  Hours. 

Out  of  Service  Hours. 

Total  Hours. 


Per  Cent  Operating. 
X umber  of  Trips. 
Average  Hours  Per  Trip. 
Total  Miles. 
Gals.  Transmission  Oil. 
Total  Load  in  Pounds. 
Load  per  Trip  in  Tons. 
Ton-Miles  per  Trip. 
Total  Ton-Miles. 
Hours  per  Ton-Mile. 
Miles  per  Gal.  of  Gas. 
Gals.  Gas  per  T.  M. 
Total  Expense  per  T.  M. 
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Fixing  Standards. — Of  course,  the  hard  work  is  done  at  first 
when  you  establish  your  standards.  It  takes  a  good  deal  of 
time  to  do  that,  but  once  that  is  done  the  application  of  the 
schedule  is  fairly  simple.  The  establishment  of  the  standards 
is  really  not  so  difficult,  either,  but  it  is  something  that  varies 
with  each  problem.  In  the  first  place,  you  study  out  what  fac- 
tors are  involved.  Does  your  loading  time  depend  upon  the 
transferring  of  the  material  inside  of  the  plant,  does  it  depend 
upon  electric  tractors,  men  transferring  the  material  by  hand, 
or  what  are  the  controlling  factors?  After  you  have  determined 
what  factors  are  controlling  the  loading  time,  then,  of  course, 
you  can  easily  make  your  statistical  studies  and  fix  the  allowable 
time  for  each  factor. 

The  determination,  of  course,  can  be  as  scientific  as  you  care 
to  make  it,  but,  on  the  other  hand,  it  has  to  be  practical  enough 
to  be  able  to  supply  it.  We  have  been  compelled  to  eliminate  a 
number  of  factors  that  we  knew  existed,  and  if  we  wanted  to 
go  to  the  extreme  of  including  those  factors,  we  could,  but  if 
we  did  that,  the  application  of  the  bonus  plan  would  be  so  in- 
volved that  it  would  take  more  time  than  it  was  worth,  and 
inasmuch  as  our  plan  includes  the  payment  of  bonuses  over  a 
period  of  two  weeks,  any  little  discrepancy  would  average  up 
over  a  two  weeks'  period.  The  original  study,  of  course,  is  the 
more  important.  After  that,  for  my  part,  I  don't  believe  it 
makes  much  difference  how  you  pay  the  bonus.  I  know  it  is 
very  simple  to  apply  your  bonus  or  premiums  in  different  ways, 
depending  upon  what  plan  you  like  to  follow — there  is  the  Rowan 
Plan,  the  Taylor  Differential  Plan,  the  Straight  Rate  Plan.  It 
is  a  question  of  which  one  you  care  to  use,  and  which  appeals 
to  you  to  be  the  most  just.  In  fact,  we  have  our  own  modifica- 
tions even  with  the  Emerson  Plan.  The  plan  that  you  use  is 
not  really  the  most  important  feature — it  is  the  idea  of  some 
sort  of  an  incentive  to  the  men  that  makes  it  worth  while  for 
them  to  take  an  interest. 

One  Method. — A  simple  plan  would  be  merely  to  divide  the 
savings  with  the  men.  That  is  being  done  a  great  deal  in 
straight  manufacturing,  where  the  savings  in  time  are  divided 
50-50  with  the  men.  In  fact,  on  some  of  our  more  unstandard- 
ized  operations  we  are  doing  that  to  a  certain  extent  in  con- 
nection with  the  Emerson  System. 
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I  might  say  this  about  the  Emerson  basis :  it  is  the  most  com- 
plete, as  far  as  application  is  concerned ;  that  is,  the  system  is 
absolutely  covered  and  no  allowances  need  be  made,  and  no 
general  percentage  of  allowances  is  necessary.  And  it  is  also 
the  most  generous.  For  each  increase  of  any  efficiency  at  all  the 
man  makes  he  gets  a  bigger  reward.  In  some  of  the  places 
where  we  have  found  it  difficult  just  at  this  time  to  make  all 
the  improvements  we  expect  to  make,  or  sometimes  where  it 
would  take  a  long  time,  many  years,  probably,  to  study  all  the 
factors  we  know  exist,  and  where  the  operation  probably  affects 
only  one  man — we  have  had  cases  like  that — in  those  cases  we 
don't  make  the  complete,  intensive  study  of  the  operation,  but 
we  do  make  one  sufficient  to  give  us  the  general  information. 
In  such  cases  we  go  to  the  man  and  we  say,  "Here,  we  are  going 
to  study  this  operation,  we  are  going  to  make  a  complete  and 
intensive  study  of  it  in  time,  but  right  now  we  have  not  been 
able  to,  but  we  have  a  basis  which  we  think  is  fairly  correct  and 
we  are  going  to  give  you  a  standard  basis  on  our  studies  up  to 
date  and  we  are  going  to  divide  50-50  with  you."  which,  in  such 
cases,  would  be  50  per  cent  of  the  Emerson  Curve.  He  knows 
then  that  he  has  opportunities  later  for  a  bigger  reward,  and 
he  co-operates  with  us  in  getting  the  whole  information. 

The  Three  Factors  in  Bonus  Systems. — A  bonus  is  not  paid 
for  quantity  merely ;  there  is  need  to  be  watchful  for  quality, 
especially  today,  when  a  fight  is  going  on  against  avoidable 
wastage  of  all  kinds. 

Another  danger  in  awarding  bonus  that  must  be  guarded 
against  is  the  possibility  of  workers  producing  at  top  speed  at 
the  beginning  of  the  week,  and  slacking  at  the  end,  because  they 
have  earned  a  good  round  sum  and  do  not  care  for  more  at  the 
expense  of  too  great  effort.  The  third  factor  is  production ; 
after  quantity  and  quality  is  steadiness. 

After  sufficient  records  have  accumulated  to  give  average- 
conditions  a  standard  can  be  determined. 

A  maximum  is  then  set,  and  the  drivers  and  helpers  are  offered 
a  bonus  of  50  PER  CEXT  OF  THE  SAVING  under  the  maxi- 
mum established. 

The  efficiency  of  performance  is  determined  by  dividing  the 
standard  cost  by  the  actual. 
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EXAMPLE 

a.  Standard  Cost  per  Ton-Mile  —  $0.05 

b.  Maximum  Cost  per  Ton-Mile  =  0.075 

c.  Operator's  Actual  Cost  per  Ton-Mile  =  0.06 

d.  Total.    Ton-Miles  Accomplished  =  1800 

The  driver's  bonus  is  determined  by  the  formula  b — c 
Xd 

=  bonus,  which  in  this  case  would  be : 
2 

075  ~  06  X  1800  =  $13.50. 

a. 

The  efficiency  is  represented  by  -  =  efficiency ; 

c 

in  this  case  2    =  83.33  per  cent. 

This  may  appear  as  a  rather  high  reward  for  an  efficiency  of 
only  83.33  per  cent,  but  it  will  he  found  that,  with  unstandard- 
ized  conditions  and  no  efficiency  reward,  costs  will  be  very 
much  higher  than  even  the  maximum  set,  and  that  high  reward 
will  encourage  high  accomplishment. 

After  applying  the  method  for  a  period  of  eight  months  in 
our  business,  it  has  resulted  in  increased  loads  (without  over- 
loading) higher  percentage  of  operating  time,  and  decreased 
cost. 

The  actual  accomplishment  on  several  trucks  on  a  similar 
class  of  work  and  on  the  bonus  plan  described  herein  is  shown 
below : 

Trucks  Ton-Miles  per  Month  Cost  per  Ton-Mile 

Numhtr  Per  Cent  Gain  Per  Cent  Decrease 


% 


1   45.4%  43.7 

2   5.5%  13.8 

3   3.5%  29.8r< 

4   1.5%  11.5% 

The  plan  discourages  abuses  of  all  kinds  and  encourages  care- 
ful driving  and  "safety  first."  In  case  of  accident  the  expense 
for  repairs  is  charged  against  the  driver's  cost,  unless  he  is 
clearly  not  at  fault. 

Heavy  items,  such  as  new  tires  and  general  overhauling,  must 
be  spread  over  a  period  equivalent  to  their  average  life. 

Weather  conditions  affect  greatly  the  efficient  operating  of 
motor  trucks,  and  it  is  therefore  advisable  to  figure  the  accom- 
plishment over  a  period  of  six  months  to  one  year  (on  a  simple 
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individual  truck  summary  card),  so  as  to  average  out  conditions 
of  bad  weather.  If  this  is  not  done  it  will  be  necessary  to  estab- 
lish a  WINTER  standard. 

The  TOTAL  TON-MILES  can  be  determined  daily  and  ac- 
cumulated at  the  end  of  the  month,  or  the  result  can  be  found 
by  obtaining  the  average  load  per  trip  in  tons  and  multiplying 
by  the  average  miles  per  trip.    The  latter  method  is  preferable 
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Fig.  524. — Individual  Truck  Summary.    One  for  Each  Machine,  Cover- 
ing a  Month's  Operation. 

for  the  bonus  plan,  as  it  will  make  sure  that  all  light  loads  have 
been  included. 

Poor  Economy  in  Towing  Horse  Wagons. — It  is  but  natural 
that  owners  of  heavy  horse  trucks,  which  cost  a  good  deal  to 
build  and  are  particularly  difficult  to  dispose  of,  should  seek  to 
round  out  the  lives  of  their  wagons  by  using  them  as  append- 
ages to  their  motor  equipment  —  in  other  words,  as  trailers. 
There  still  are  a  good  many  wagon  builders  who  have  not  had 
sufficient  experience  to  show  them  how  lamentably  frail  even  a 
heavy  horse  truck  proves  to  be  when  used  as  a  trailer  with  a 
motor  truck. 

While  the  work  on  a  big  horse  truck  may  sometimes  appear 
to  be  somewhat  crude  and  perhaps  unnecessarily  massive,  it  is 
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in  reality  nothing  of  the  sort.  Usually  there  is  very  little  done 
in  the  way  of  calculation  of  stresses  in  a  wagon  shop,  but  the 
piling  of  experience  upon  experience  has  resulted  in  a  sort  of 
standardization  that  is  quite  accurate  and  satisfactory.  When 
a  wagon  builder  has  to  turn  out  a  job  he  refers  to  other  jobs 
that  have  been  used  under  approximately  like  conditions,  and 
he  can  tell  to  a  nicety  just  what  to  put  into  his  work.  If  he 
finds  a  record  of  a  broken  axle,  or  settled  springs,  or  sprung 
wheels  on  a  job  of  about  the  size  he  has  in  mind,  he  adds  a 
little  to  his  dimensions,  or  specifies  a  better  grade  of  material, 
and  goes  ahead  with  an  easy  mind.  Because  he  has  done  the 
same  thing  before  so  often,  he  knows  just  what  the  result  will 
be. 

When  a  horse  truck  is  attached  to  the  rear  end  of  a  motor 
truck,  however,  conditions  are  so  altered  that  trouble  is  almost 
inevitable.  A  little  analysis  will  show  why.  A  bearing  that  is 
designed  to  run  at  a  given  speed  under  a  given  load  will— or 
ought  to— run  through  its  normal  life  with  a  minimum  of  atten- 
tion and  without  giving  trouble.  The  bearings  upon  which  truck 
wheels  run  are  designed  for  a  slow  speed.  A  good  average  speed 
for  a  heavy  truck  is  2]/2  miles  an  hour,  and  at  this  speed  a  five- 
foot  wheel  makes  about  14  revolutions  per  minute.  If  it  runs 
any  faster  than  this  under  load  it  is  only  for  very  brief  periods ; 
horses  are  not  capable  of  overspeeding  these  bearings. 

Attach  the  truck  to  a  tractor,  however,  and  the  conditions  are 
radically  altered.  With  plenty  of  power  ahead,  there  is  little 
likelihood  of  unloading;  the  chances  are  more  favorable  for  a 
load  greater  than  normal,  for  there  are  no  horses  to  worry  about. 
Assume  a  normal  load,  however,  and  at  once  the  question  of 
speed  intrudes.  It  is  safe  to  figure  that  the  normal  speed  of  the 
tractor  will  be  not  less  than  seven  or  eight  miles  an  hour.  That 
is  to  say,  the  speed  will  be  trebled.  The  wheels,  instead  of  turn- 
ing at  14  revolutions  per  minute,  will  turn  about  42  revolutions 
per  minute.  Now  42  revolutions  per  minute  sounds  like  a  very 
slow  speed,  but  it  is  actually  an  increase  of  200  per  cent.  There 
are  not  many  bearings,  designed  within  fairly  close  limits,  that 
will  run  satisfactorily  at  such  a  tremendous  increase.  Certainly 
truck  axle  bearings  will  rarely  do  it.  Not  only  is  the  wear  in- 
creased at  least  200  per  cent,  but  the  demand  for  lubrication  is 
increased  even  more,  because  of  the  tendency  to  heating,  and 
the  average  truck  bearings  simply  will  not  lubricate  satisfac- 
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torily  at  such  speed.  Any  doubting  Thomas  can  satisfy  him- 
self by  the  somewhat  grimy  expedient  of  putting  his  hand  on 
the  axle  end  of  a  heavily  loaded  horse  truck  that  has  been  on 
the  road  for  some  time  under  its  normal  motive  power.  Four 
chances  to  five  there  will  be  a  perceptible  warming  of  the  metal. 
It  does  not  require  much  imagination  to  forecast  the  effect  of 
a  speed  200  per  cent  above  normal. 

No  small  part  of  the  traveling  of  such  trucks  is  done  over 
roads  paved  with  rough  stone  blocks,  and  the  difference  in  the 
effects  of  the  vibration  at  2]/z  miles  an  hour  and  eight  miles  an 
hour  is  enormous.  At  the  slower  speeds  the  horse  truck  merely 
climbs  the  bumps  and  settles  into  the  hollows  with  a  compara- 
tively easy  motion.  At  the  higher  speeds,  the  tires  actually 
bounce  from  peak  to  peak  with  a  series  of  hammer-like  blows, 
and  the  result  is  destructive  to  the  whole  of  the  construction. 
In  two  directions  particularly  are  the  effects  apparent.  The 
constant  banging  weakens  the  axle,  and  breakages  occur  at  the 
shoulder  where  the  journal  joins  the  axle  proper.  Axle  break- 
ages also  are  apt  to  occur  at  this  point  through  failure  of  lubri- 
cation, causing  the  box  to  freeze  on  the  journal.  If  the  axle  is 
abnormally  strong  the  result  may  be  merely  to  slide  the  wheel, 
but  not  many  axles  will  stand  much  of  this  sort  of  treatment. 
An  indication  of  the  intensity  of  the  forces  involved  is  found  in 
the  fact  that  brass  boxes  have  been  partly  fused  in  heavy  horse 
trucks  used  as  trailers  and  run  under  the  loads  they  were  de- 
signed for  but  at  speeds  of  about  nine  miles  an  hour. 

Steel  tires  suffer  from  such  service.  The  hammering  action 
out  in  splinters;  the  tires  are  peened,  so  to  speak,  and  enlarged 
and  loosened.  Also  the  tremendous  energy  that  must  be  con- 
tended with  often  crystallizes  the  steel  tire. 

The  wheels  themselves  often  feel  the  effects  of  high  speeds 
before  anything  else,  and  the  first  indication  is  a  slight  cracking 
creak  which,  at  first  occurring  in  a  single  spoke,  soon  spreads 
until  the  wheel  groans  and  crackles  through  its  complete  revo- 
lution. When  a  wheel  complains  in  this  way  there  is  little  or 
no  hope  for  it ;  it  simply  is  too  weak  for  the  work,  and  it  is  merely 
a  question  of  judgment  a:>  to  how  long  it  can  be  run  before  it 
fails.  Tightening  up  or  repairing  such  wheels  is  a  waste  of 
time,  unless  the  looseness  is  caused  by  excessive  dryness.  Usu- 
ally this  is  not  the  case. 

Springs  seem  to  suffer  less  than  other  parts  of  a  truck  used 


Digitized  by  Google 


Dealer'*  Serviee  System 


931 


as  a  trailer,  probably  because  they  are  made  primarily  to  stand 
up  under  heavy  work,  and  only  secondarily  as  shock  absorbers. 
The  clips,  however,  are  rather  likely  to  be  points  of  weakness, 
not  only  through  breakage,  but  through  loosening  up  under  the 
fierce  vibration. 

That  horse  trucks  will  not  stand  up  under  trailer  service,  as 
a  rule,  is  not  an  indication  of  weakness ;  it  simply  means  that 
thev  will  not  do  two  or  three  times  the  work  they  were  built 
to  do  without  wearing  out  two  or  three  times  faster.  This  is 
perfectly  logical,  for  a  truck  built  several  times  stronger  than 
necessary  for  its  normal  work  would  be  needlessly  expensive 
and  heavy. 

Obstacles  to  Manufacturers'  Inspection. — Truck  manufactur- 
ers in  some  instances  have  made  provision  for  inspection  of 
machines  at  the  service  stations  of  branches  or  dealers,  and 
have  developed  organizations  that  are  intended  to  do  this  with 
regularity,  but  these  have  been  only  reasonably  successful  be- 
cause owners  frequently  believe  that  such  examinations  are  pro- 
posed because  the  manufacturers  are  suspicious  of  the  use  made 
of  machines  and  seek  evidence  that  will  justify  evasion  of  re- 
sponsibility for  guarantee  made  in  the  sales  contract,  or  the 
owners  assume  that  the  degree  of  care  recommended  is  not 
necessary. 

Manufacturer's  and  Dealer's  Service. — The  J.  W.  Maguire  Co., 
Boston,  agent  for  New  Hampshire  and  eastern  Massachusetts 
for  Fierce-Arrow  trucks,  is  now  operating  a  system  inaugurated 
more  than  three  years  ago.  and  which,  while  independent  of,  is 
coordinated  with,  the  service  of  the  Pierce-Arrow  company's 
which  is  general  the  country  over,  but  that  of  the  Maguire 
company  is  localized  in  the  territory  specified,  and  its  dealings 
are  direct  with  the  owners  and  not  through  the  factory  organi- 
zation. 

There  are  upwards  of  seven  hundred  Pierce-Arrow  trucks  in 
the  Maguire  company's  territory,  and  all  of  these  are  inspected 
save  the  large  fleets  that  are  under  the  supervision  of  distinct 
organizations.  In  other  words,  the  system  benefits  all  owners 
who  have  not  their  own  service  stations  and  expert  mechanics. 
The  inspecting  is  done  by  two  men,  one  who  covers  Boston  and 
its  suburbs,  and  the  other  the  outlying  territory  within  a  radius 
uf  sixty  miles,  thev  examining  the  trucks  aporoximatcl  v  once  a 
month,  and  those  at  greater  distances  are  inspected  from  tour 
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to  six  times  a  year.  The  men  have  no  regular  schedule  for 
their  work,  but  arrange  their  daily  itineraries  so  that  they  will 
meet  the  trucks  in  service  and  drive  and  examine  them  so  far 
as  may  be  necessary  to  learn  every  detail  required  in  the  record. 

System  is  Very  Thorough. — The  accompanying  illustration  of 
a  report  form  shows  that  the  examination  covers  the  engine, 
governor,  oiling  system,  radiator,  carburetor,  ignition  system, 
clutch,  transmission  system,  steering  gear  and  linkage,  rear  axle, 
chassis  and  body  and  hoist.  Each  of  these  covers  different  items 
and  collectively  they  include  practically  every  construction  unit 
and  part.  The  inspector  examines  the  machines  systematically 
and  careful  attention  is  given  to  adjustment  and  to  lubrication. 

Emphasis  is  made  that  the  chassis  must  be  oiled  and  greased 
to  what  is  known  as  the  Pierce- Arrow  standard,  and  that  unless 
this  care  is  given  there  will  be  destructive  wear  that  will  be 
reflected  in  expensive  upkeep  and  increased  cost  of  operation 
and  greatly  lessened  service  life.  The  report  indicates  the  units 
and  parts  that  required  attention  and  were  adjusted,  and  those 
which  were  not  adjusted,  this  applying  to  work  that  could  not 
be  done  with  hand  tools  and  which  must  be  don?  in  a  shop  or 
garage  with  more  complete  facilities.  These  arc  ihown  in  the 
first  and  second  columns  of  the  report  form.  In  the  event  that 
work  is  imperatively  necessary  this  is  noted  in  the  third  column. 
This,  however,  is  seldom  done. 

Report  Made  in  Triplicate. — The  report  is  made  in  triplicate 
on  two  white  and  one  salmon  color  sheets.  The  inspector  sends 
one  white  and  the  salmon  sheet  to  the  office  of  the  company  and 
retains  the  second  white  sheet  in  his  record  book.  In  the  event 
that  small  replacements  are  made  by  the  inspector  from  a  stock- 
he  carries  with  his  tool  kit,  these  are  noted  on  the  report  and 
from  these  notes  charges  are  made  the  owner.  Unless  the  in- 
spector makes  replacements,  there  is  no  cost  attached,  and  then 
only  the  prices  of  the  parts. 

The  reports  are  carefully  analyzed  and  copies  are  sent  the 
owners,  and  when  necessary  they  are  accompanied  by  such 
recommendation  as  will  insure  the  care  and  maintenance  as  well 
as  increase  the  average  service  life  of  the  vehicles.  In  the  event 
that  a  condition  is  such  that  a  change  in  care  is  desirable  the 
reports  are  noted  each  month  and  the  owners  are  informed 
whether  or  not  there  is  improvement.  The  owner  is  advised 
that  he  can  make  a  change.    No  responsibility  is  placed,  that 
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Fig.  525. — The  Inspection  Record  of  the  J.  W.  Maguire  Co.,  Filled  in 
Triplicate,  a  Copy  of  which,  with  Recommendation,  is  Sent  to  the 
Owners  Monthly. 
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being  left  to  the  owner  to  determine.  But  he  is  informed  that 
he  will  be  the  loser  if  the  truck  is  not  kept  adjusted  and  lubri- 
cated. 

Neglect  of  Truck  is  Shown.— The  inspection  reports  also  es- 
tablish whether  or  not  the  trucks  have  been  neglected,  and  should 
there  be  claim  made  relative  to  a  condition  for  which  the  manu- 
facturer is  maintained  by  the  owner  to  be  responsible  the  report.- 
will  be  the  basis  of  judgment.  The  other  report  is  filed,  the  one 
tor  comparison  by  months  or  periods  and  the  inspectors'  books 
are  kept  for  reference. 

The  inspectors  do  emergency  work  in  the  sense  that  the  one 
may  be  assigned  to  the  other's  territory  to  do  what  may  be  im- 
peratively necessary,  and  frequently  what  may  be  begun  by  one 
man  is  completed  by  the  other,  so  there  is  the  judgment  of  two 
men  instead  of  one  to  be  applied  to  the  condition  of  the  truck 
or  trucks  on  which  they  work.  The  reports  are  made  impartially 
and  there  is  no  reason  for  the  'drivers  to  feel  that  they  are  not 
fairly  dealt  with.  In  fact,  they  are  made  to  understand  that  if 
they  are  guided  by  the  advice  of  .the  inspectors  their  work  will 
be  made  easier  and  they  will  be  more  efficient  employees. 

Inspectors  Ride  on  Trucks. — The  inspectors  necessarily  have 
to  drive  the  trucks  to  learn  their  condition  and  considerable  to 
their  traveling  is  on  the  machines.  For  this  reason  they  cannot 
use  cars  to  good  advantage,  for  they  would  have  to  leave  the 
machines  whenever  a  truck  was  inspected  and  return  consider- 
able distances  to  them.  This  would  reduce  the  time  they  now 
give  to  work,  and  by  their  knowledge  of  the  owners'  service 
they  can  arrange  to  meet  and  leave  trucks  so  that  practically 
no  time  is  lost. 

The  Maguire  Company  has  at  times  found  owners  indifferent 
and  in  rare  instances  antagonistic  to  accepting  inspection.  They 
are  informed  that  his  service  is  what  they  have  paid  for  and 
entitled  to  when  a  truck  is  delivered  and  that  the  purpose  is  to 
insure  to  them  continued  utility  of  the  machines  at  the  lowest 
possible  cost.  They  learn  by  practical  experience  that  they  sub- 
stantially benefit  and  that  there  is  varying  economy  obtainable 
if  they  will  follow  advice  that  is  based  on  careful  study  of  the 
reports.  The  inspection  is  continued  without  regard  to  the 
period  of  service. 

The  inspection  service  of  the  Pierce-Arrow  Company  is  also 
a  check  that  can  be  studied  to  advantage.    The  main  object  is 
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to  follow  the  manner  of  lubrication,  for  statement  is  made  if  - 
this  is  done  systematically  there  will  be  without  doubt  a  good 
knowledge  of  the  mechanical  condition  and  adjustment  and  res- 
toration whenever  needed. 

VIM  SERVICE  STATION  SYSTEM 
Greatly  simplifying  the  recording  and  tracing  of  repair  work 
is  the  job  system  of  the  Vim  Motor  Truck  Co.,  of  Philadelphia, 
maker  of  Vim  trucks.  Statement  is  made  that  dealers  regard 
it  with  increasing  favor  because  of  the  "workableness"  of  the 
system,  whereby  the  inspector  makes  out  in  triplicate  a  "Service 
Work  Order,"  this  being  a  white  sheet  signed  by  the  owner  of 
the  car  to  be  repaired  and  retained  by  him  until  he  calls  for  his 
car,  when  he  surrenders  it.  This  form  is  known  as  the  "Car 
Sheet."  The  buff  copy  of  the  service  goes  to  the  storekeeper 
and  indicates  what  work  has  been  done. 

A  manila  "Work  Card,"  having  a  brass-rimmed  perforation 
at  the  top  through  which  string  is  to  be  run  to  tie  it  to  the  steer- 
ing wheel  of  the  vehicle  to  be  repaired,  or  to  the  part  to  be 
restored  or  exchanged,  as  a  tag,  is  not  to  be  removed  until  the 
work  has  been  completed.  When  the  work  has  been  finished, 
this  tag,  with  other  data  covering  the  job,  such  as  the  "Work 
Sheet,"  "Time  Cards,"  "Requisitions"  and  a  copy  of  the  invoice, 
or  release  bearing  the  job  number,  are  placed  in  the  job  enve- 
lope and  presented  to  the  cashier.  The  envelope,  with  its  con- 
tents, is  filed  under  the  owner's  name,  fitting  in  a  pigeon  hole 
for  the  purpose,  the  shop  clerk  having  so  placed  the  job  that 
by  a  hurried  inspection  of  the  envelopes  in  the  various  pigeon 
holes  he  can  learn  how  much  time  has  been  put  on  any  particular 
job. 

Cashier  Must  Release  Machine. — Instructions  are  given  that 
before  delivering  a  truck,  or  repair  job  to  the  owner,  or  driver, 
a  receipted  invoice,  or  release,  must  be  obtained  from  the  cashier. 
This  is  a  positive  check  on  any  confusion  about  whether  a  car 
should  be  removed,  or  whether  it  has  been  so  removed.  Under 
no  circumstances,  under  the  Vim  system  of  records,  will  verbal 
orders  in  this  regard  be  accepted. 

Tied  on  the  steering  wheel  of  the  vehicle,  or  the  part  to  be 
repaired,  the  manila  tag  of  the  series  in  triplicate  shows  what 
is  to  be  billed  and  the  bills  also  are  placed  in  the  pigeon  hole 
under  the  owner's  name,  with  the  job  envelope.    By  strict  ad- 
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herence  to  this  rule  there  is  "a  place  for  everything  and  every- 
thing in  its  place." 

After  the  job  has  been  billed,  the  form  on  the  outside  of  the 
envelope  is  filled  in — motor  number,  name  and  address  of  car 
owner,  as  well  as  invoice  date  and  ledger  page,  and  the  envel- 
opes are  filed.  The  removal  of  an  envelope  from  a  shop  pigeon 
hole  to  a  file  is  proof  that  the  bill  has  been  sent  out. 

No.  Date 


Owner 


Fst.  Hrs.  Time  Promised 


Total  Time  Amount 


1 

On 

Man's  Man's 
No.  No. 

1 

On 

i 

Off 

i 
• 

Off 

On 

i 

On 

Off 

\ 
i 

Off 

On 

On 

*.  .  .. 

Off 

1 

1 

Off 

Fig.  526. — Workman's  Time  Card  Employed  in  Vim  Service  Station 

System. 


History  Card  Shows  Condition.— A  "History  Card"  taken  of 
each  truck  repaired  serves  a  purpose  for  future  reference,  as  such 
a  record  will  tell  what  has  happened  to  the  truck,  by  number 
as  well  as  owner's  name,  through:  (a) — Accident,  (b) — Abuse, 
(c) — Net  Depreciation. 

This  "history"  is  indicative  of  the  truck's  condition  and  of  the 
type  of  person  driving  it.    It  shows,  in  a  way,  what  to  expect. 

With  regard  to  the  buff  copy  of  the  triplicate  series,  which  is 
in  possession  of  the  storekeeper: 

After  the  job  number,  name,  address,  date,  chassis  number, 
model,  time  of  delivery,  estimated  price  and  signature  for  authori- 
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zation  of  work  to  be  done  have  been  filled  in,  the  sheet  is  placed 
in  the  "Job  in  Action"  rack,  where  it  must  be  retained  until  the 
work  has  been  completed.  It  is  necessary  that  the  bill  number 
for  the  work  and  the  date  the  machine  was  delivered  be  placed 
in  the  spaces  provided  therefor,  having  all  of  the  foregoing  totaled 
and  checked,  with  the  person's  signature  showing  in  a  special 
space  also  provided.  When  the  work  has  been  completed,  as 
already  mentioned,  this  form,  with  others,  is  presented  to  the 
cashier. 

Motor  No  Job  Xo  

Chassis  Xo  Date  

Name   

Address   


This  Job  Envelope  contains  the  following: 

Work  Card 
Work  Sheet 
Time  Cards 
Requisitions 
Copy  of  Invoice 

Invoice  Date   Ledger  Page  

To  Be  Filed  in  Job  Envelope  File  I'nder  Owner's  Name. 


Fig.  527. — Form  to  Be  Printed  on  Job  Envelope  in  Vim  Service  Station 

System. 

With  regard  to  the  "Car  Sheet,"  retained  by  the  owner  until 
the  car  is  called  for,  the  owner  is  requested  on  the  back  of  this 
form  to  cooperate  with  the  Vim  service  in  various  ways,  such 
as  allowing  the  Vim  company  to  properly  instruct  the  driver, 
and  using  only  the  best  lubricants  on  the  machine. 

Value  of  Requisition  Forms. — In  making  out  requisition  forms 
the  dealer,  of  course,  keeps  one  and  sends  a  buff  duplicate  to  the 
factory.  A  rule  is  that  no  orders  will  be  filled  unless  part  and 
chassis  numbers  are  furnished  with  requisition.  In  addition,  the 
following  procedure  is  required:  Give  the  quantity  required; 
but  ior  telegraph  orders,  the  number  only,  or  the  code  word  can 
be  given. 
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SERVICE  WORK  ORDER 

Job  Xo.   Date  

Name  

Address   

Chassis    Model   

Time  to  Be  Delivered  I  

Work  Ordered  Price 


CAR  SHEET 

Xo  Cars  Delivered  Without  This  Order. 
All  Repairs  Cash  on  Delivery  of  Truck. 

Above  Work  and  Material  Ordered  by 

Signed  

Xot  Responsible  for  Damage.  Fire  or  Anything 

Left  in  Car 


To  Be  Retained  by  Owner 

Fig.  528. — Service  Work  Order,  Ruled  for  15  Entries  and  Total,  Made 
in  Triplicate  on  White  and  Buff  Sheets  and  Manila  Card,  5 1 2  by  8;  4 
Inches. 

If  there  is  any  doubt  as  to  the  correct  name,  or  description  of 
the  parts  wanted,  the  dealer  is  instructed  to  ship  the  old  parts 
to  the  factory,  or  the  nearest  service  station,  transportation 
charges  prepaid,  so  that  they  can  be  duplicated.  This  is  regarded 
as  an  especially  safe  way.  There  is  a  special  form  in  triplicate- 
green,  buff  and  white  sheets — used  for  the  return  of  Vim  parts. 

When  shipping  parts  as  samples  the  dealers  are  advised  to  tag 
each  part  with  the  purchaser's  name  and  address  and  notify  the 
factory,  or  the  nearest  service  station  by  letter,  at  the  same  time 
stating  that  parts  are  being  sent  as  samples,  giving  the  number 
of  duplicates  required  and  how  they  are  to  be  shipped,  as  well 
as  stating  if  the  samples  ^ent  are  to  be  returned  with  the  new- 
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parts.  It  is  always  advisable  to  order  parts  from  nearest  Vim 
truck  distributor,  or  service  station,  to  insure  prompt  shipments 
and  minimum  transportation  charges. 

VIM  MOTOR  TRUCK  COMPANY 

i'se  This  Blank  for  Ordering  Parts  Only 
Separate  Blanks  for  Other  Purposes  Date  

Ship  to    Order  No.  

Address   

Street  City  State 

Bill  to   

Address   

Ship  Via   When  


S.  O.  NO. 
DATE  


This  Order  Will  Xot  Be  Filled  Unless  Part  and  Chassis  Number  is  Furnished 

All  Orders  Shipped  Express  or  Parcel  Post  Unless  Otherwise  Marked. 
All  Prices  Are  F.  O.  B.  Factory  at  Philadelphia,  Pa. 


Quan.  '  Catalogue  No. 

Chassis  No. 

Name  of  Part 

SoM  Last        Quan.  in 
6  Months     1  Stock 

If  This  Order  Confirms  a  Telephone 
or  Telegram  or  an  Order  Already 
Placed  in  the  Factory  Write  the  Word 
"Ves"  Here.  

Fig.  529. — Parts  Requisition  Sheet,  Made  in  Duplicate  on  White  and  Buff 
Sheets,  the  Former  Being  Retained  by  the  Dealer  and  the  Latter 
Sent  to  the  Factory.    Size  Sy2  by  11  Inches. 

Instruction  for  Parts  Disposal. — It  is  a  rule  of  the  company 
that  under  no  circumstances  will  parts  he  shipped  for  replace- 
ment, unless  the  original  parts  are  returned,  transportation 
charges  prepaid,  to  the  factory  for  an  inspection  and  the  claim 
for  each  replacement  has  heen  approved  by  the  engineering  de- 
partment. When  the  parts  are  shipped  for  inspection  each  part 
must  be  tagged  with  the  shipper's  name  and  address  and  the 
chassis  number  of  the  truck  from  which  it  has  been  removed. 
When  replacement  of  parts  is  denied,  inspected  parts  are  subject 
to  the  shipper's  orders  for  disposition  when  returned  and  the 
Vim  Motor  Truck  Co.  does  not  become  responsible  for  parts 


Signed 

By   
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not  accompanied  with  instructions  for  disposition  if  credit  is 
denied. 

VIM  MOTOR  TRUCK  COMPANY 
Philadelphia,  V.  S.  A. 

Factory  R.  P.  R.  No.  Date  


Vim  Truck  Parts  Returned  by 
Address   


Quantity      I'art  No.     Description  of  Parts  Returned 

Chassis  No. 

Date  of 
Invoice 

No.  of 
Invoice 



i  i 

j 

| 



i 

1 

Credit  will  not  be  considered  Unless  All  Information  called  for  is  given. 

Owner's  Name   

Address   

No.  of  Miles  Truck  Has  Been  Run  

Why  Credit  Is  Claimed   


If  Credit  or  Replacement  Is  Denied  What  Disposition  Is  to  Be  Made  of 

Parts:   


(Signed)  

3.    Retain  This  Copy. 

Fig.  530. — Parts  Return  Sheet,  Made  in  Triplicate  on  Green,  White  and 
Buff  Sheets,  the  White  Being  Retained  by  the  Dealer  and  the  Others 
Sent  to  Factory.    Size  8%  by  11  Inches. 

The  Vim  company  guarantees  new  Vim  vehicles  to  be  free 
from  defects  in  material  and  workmanship  for  ninety  days  from 
date  of  delivery  to  the  purchaser,  will  be  made  if  such  parts  arc 
returned  for  credit  or  replacement  and  the  company  finds  them 
defective.  Tires,  rims,  batteries,  speed  instruments  and  other 
accessories  are  not  covered  by  this  warranty. 
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The  method  of  use  of  the  special  form  in  triplicate — green, 
buff,  and  white — designed  for  the  return  of  parts,  is  as  follows : 

The  dealer  retains  the  white,  or  third  sheet  of  the  series.  He 
fills  out  form  number  one,  or  the  top  green  sheet  and,  using  a 
carbon,  the  buff  sheet,  or  form  number  two,  and  sends  them 
both  to  the  factory. 

The  ideal  condition  from  the  factory  viewpoint  is  to  supply 
the  dealer  with  the  requisite  initial  stock,  sufficient  for  his  par- 
ticular territory  from  a  list  based  on  the  demands  from  that 
county,  or  local  tract.  Once  a  dealer  actually  gauges  his  stock, 
or  gets  a  stock  well  balanced  according  to  demand,  orders  on 
the  factory  becomes  mere  requisitions  on  stock. 

In  the  case  of  small  garages  supplied,  little  tags  are  used  in- 
stead of  the  requisition  sheet.  These  tags  bear  the  part  number 
and  the  job  number,  with  the  price  of  the  part,  and  such  tags 
serve  as  a  basis  on  which  to  replenish  stock. 

TRUCK  AND  TRAILER  LAWS 
A  special  committee,  composed  of  representatives  from  the 
American  Association  of  State  Highway  Officials,  the  National 
Automobile  Chamber  of  Commerce,  the  American  Automobile 
Association  and  the  Highways  Industrial  Association,  drafted  a 
proposed  uniform  vehicle  law  in  which  are  embodied  suggestions 
regarding  the  sizes  and  weights  of  vehicles  using  the  highways. 
The  proposed  restrictions  provide  for  a  maximum  overall  width 
of  vehicle  of  96  inches,  a  maximum  overall  height  of  12  feet,  6 
inches,  a  maximum  overall  length  for  single  vehicles  of  30  feet 
and  for  combinations  of  vehicles  of  85  feet;  a  maximum  gross 
weight  of  14  tons,  distributed  so  that  not  more  than  22,400 
pounds  shall  rest  on  any  one  axle  nor  more  than  800  pounds  on 
each  inch  of  tire  width  as  measured  between  the  flanges  of  the 
rim.  Xo  restrictions  would  be  placed  on  the  number  of  trailers 
that  might  be  hauled  by  a  truck  or  tractor  as  long  as  the  restric- 
tion on  the  length  of  road  trains  were  not  exceeded,  and  officials 
would  be  allowed  to  issue  special  permits  for  the  operation  of 
prohibited  vehicles  over  highways  under  their  control.  It  is 
contended  in  behalf  of  the  proposals  that  they  are  sufficiently 
liberal  to  allow  owners  to  take  advantage  of  the  economies  which 
result  from  the  use  of  larger  haulage  units,  yet  sufficiently  low 
to  safeguard  traffic  and  to  protect  highway  surfaces  and  founda- 
tions from  destruction. 
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A  digest  of  existing  state  laws  governing  the  size  and  weight 
of  motor  vehicles  and  the  number  of  trailers  is  given  in  the  fol- 
lowing paragraphs,  which  are  reprinted  from  the  "Power  Wagon." 
of  Chicago.  Where  no  state  laws  have  been  enacted  covering 
these  points,  local  ordinances  may  govern,  but  generally  these 
are  not  allowed  to  conflict  with  state  laws  where  the  latter  touch 
the  same  subject-matter.  All  dimensions  and  weights  are 
maxima,  and  all  tons  are  of  2,000  pounds.  Size  restrictions  are 
shown  first,  weight  restrictions  next,  trailer  restrictions  third  and 
permit  provisions  last: 

Alabama. — No  state  law. 

Arizona. — No  state  law. 

Arkansas. — No  state  law. 

California. — (1)  Outside  width  of  track  112  inches;  outside 
width  of  bed  of  vehicle  and  load  102  inches. — (2)  Gross  weight 
of  4-wheeled  vehicle  15  tons  ;  gross  weight  of  6-wheeled  outrit, 
having  its  three  axles  at  least  96  inches  apart,  20  tons;  weight 
per  inch  of  tire  width  600  pounds  with  metal  tires,  800  pounds 
with  other  than  metal  tires.  The  State  Department  of  Engineer- 
ing may  reduce  these  limits  on  bridges,  viaducts,  etc.  (3)  Num- 
ber of  trailers  2. — (4)  On  written  application  State  Department 
of  Engineering  may  grant  permits  to  operate  heavier  or  wider 
loads  or  more  than  2  trailers,  or  to  increase  the  permissible  wheel 
weights. 

Colorado. — No  state  law. 

Connecticut. —  (1)  Overall  width  114  inches. — (2)  Gross  weight 
12} 2  tons;  weight  per  inch  of  tire  width  500  pounds  on  metal 
tires,  700  pounds  on  other  tires.  State  Highway  Commissioner 
may  restrict  use  of  commercial  motor  vehicles  of  over  4-ton 
capacity  on  trunk  lines  or  state-aid  highways. — (3)  Number  of 
trailers  not  limited. —  (4)  On  written  application  State  Highway 
Commissioner,  or  other  authority  having  charge  of  the  repair 
or  maintenance  of  any  highway  or  bridge,  may  grant  permits 
allowing  operation  of  prohibited  vehicles. 

Delaware. —  (1  )  Width  of  vehicle  96  inches,  height  146  inches 
—  (2)  Gross  weight  13  tons;  weight  per  inch  of  tire  width'  700 
pounds;  gross  load  of  metal-tired  trailers  3  tons. — (3)  Number 
of  trailers  not  limited. — State  Highway  Department  may  issue 
special  permits  to  operate  vehicles  exceeding  weight  limits. 

District  of  Columbia. —  (1)  Size  not  limited. — (2)  Gross  weight 
on  bridges  with  wood  floors  6  tons,  on  any  other  bridges  15 
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tons. — (3)  Number  of  trailers  1. —  (4)  Engineer  Commissioner 
may  issue  written  permits  for  operation  of  heavier  vehicles  over 
bridges. 

Florida. — No  state  law. 

Georgia. — No  state  law. 

Idaho. — No  state  law. 

Illinois. — (1)  Width  of  vehicle  and  load  96  inches  ;  total  length 
of  vehicle  and  trailers  65  feet. — (2)  Gross  weight  8  tons  for  one 
axle ;  weight  per  inch  of  tire  width  (as  measured  at  the  line  of 
contact  of  the  tire  with  the  road)  800  pounds. — (3)  Number  of 
trailers  not  limited,  except  by  section  1. —  (3)  Highway  officials 
may  grant  permission  for  operation  of  heavier  vehicles  or  longer 
road  trains. 

Indiana. — (1)  Size  not  limited. —  (2)  Weight  10  tons  capacity. 
— (3)  Number  of  trailers  not  limited. — (4)  Special  permits  not 
mentioned. 

Iowa. — (1)  Width  of  vehicle  and  load  96  inches. — (2)  Gross 
weight  of  vehicle  and  load  14  tons ;  weight  per  wheel  4  tons ; 
weight  per  inch  of  tire  width  (as  measured  at  the  line  of  contact 
of  the  tire  with  the  road)  800  pounds  on  hard-surfaced  highways 
and  400  pounds  on  earth,  gravel  or  similar  surfaces. — (3)  Num- 
ber of  trailers  not  limited. —  (4)  Special  permits  not  mentioned. 

Kansas. — No  state  law. 

Kentucky. —  (1)  Size  not  limited. — (2)  Gross  weight  15  tons; 
weight  per  inch  of  tire  width  (as  measured  at  the  line  of  contact 
of  the  tire  with  the  road)  500  pounds  for  metal  tires  and  800 
pounds  for  other  tires. — (3)  Number  of  trailers  not  limited. — 
(4)  Special  permits  not  mentioned. 

Louisiana. — No  state  law. 

Maine. —  (1)  Size  not  limited. —  (2)  Gross  weight  9  tons  ;  weight 
per  inch  of  tire  width  800  pounds. —  (3)  Number  of  trailers  not 
limited. —  (4)  Highway  officials  may  permit  operation  of  heavier 
vehicles  over  highways  under  their  control. 

Maryland.—  (1 )  Width  of  vehicle  90  inches.— (2)  Gross  weight 
10  tons;  weight  per  inch  of  tire  with  (>50  pounds.  Vehicles  rated 
to  carry  more  than  5  tons  not  registrable. —  (3)  Number  of  trail- 
ers not  limited. —  (4)  Highway  officials  may  grant  permission 
to  operate  heavier  vehicles  on  highways  subject  to  their  control. 

Massachusetts. —  (1)  Width  9o  inches;  length  of  single  vehicle 
28  feet;  total  length  of  a  combination  of  vehicles  65  feet. — (2) 
Gross  weight  14  t«»ns;  weight  per  inch  of  tire  width  800  pounds. 
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— (3)  Number  of  trailers  not  limited. — (4)  Highway  officials  may 
grant  permission  to  operate  heavier  or  larger  units  over  high- 
ways under  their  jurisdiction. 

Michigan. —  (1)  Track  of  trucks  and  trailers  75  inches  between 
tire  center-lines;  overall  width  96  inches;  overall  height  150 
inches ;  aggregate  length  of  a  combination  of  vehicles  60  feet — 
(2)  Weight  per  wheel  700  pounds  for  tires  2  inches  wide  up  to 
3,200  pounds  for  tires  7  inches  wide  on  wheels  36  inches  in 
diameter.  These  maxima  are  larger  for  wheels  of  greater 
diameter,  those  for  44-inch  wheels  being  1.6  times  those  for  36- 
inch  wheels. — (3)  Number  of  trailers  2. — (4)  Special  permits  not 
mentioned. 

Minnesota. — No  state  law. 

Mississippi. — No  state  law. 

Missouri. — No  state  law. 

Montana. — No  state  law. 

Nebraska. — No  state  law. 

Nevada.— No  state  law. 

New  Hampshire. — No  state  law. 

New  Jersey. — (1)  Length  26  feet  6  inches;  width  92  inches; 
height  150  inches. — (2)  Gross  weight  15  tons;  weight  per  inch 
of  tire  width  800  pounds. — (3)  Number  of  trailers  1. — (4)  High- 
way officials  may  issue  permits  for  operation  of  prohibited 
vehicles  over  highways  under  their  jurisdiction. 

New  York. — (1)  Overall  width  96  inches;  height  150  inches. 
(Outside  cities.) — (2)  Gross  weight  12^  tons;  weight  per  inch 
of  tire  width  800  pounds.  (Outside  cities.) — (3)  Number  of 
trailers  not  limited. —  (4)  Special  permits  not  mentioned. 

North  Carolina. —  (1)  Size  not  limited. — (2)  Weight  Sl/2  tons 
capacity. — (3)  Number  of  trailers  not  limited. — (4)  Special  per- 
mits not  mentioned. 

North  Dakota. — No  state  law. 

Ohio. — (1)  Size  not  limited. —  (2)  Weight  per  inch  of  tire 
width  (as  measured  between  the  flanges  of  the  rim)  800  pounds 
for  rubber  tires  of  all  sizes,  500  pounds  for  iron  or  steel  tires  up 
to  and  including  those  12  inches  wide  and  800  pounds  for  metal 
tires  more  than  12  inches  wide. — (3)  Number  of  trailers  not 
limited. —  (4)  Special  permits  not  mentioned. 

Oklahoma.—  No  state  law. 
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Oregon. — (1)  Size  not  limited. — (2)  Weight  5  tons  carrying 
capacity;  weight  per  inch  of  tire  width  600  pounds. — (3)  Num- 
ber of  trailers  not  limited. — (4)  Special  permits  not  mentioned. 

Pennsylvania. — (1)  Overall  width  90  inches;  overall  length 
28  feet. — (2)  Gross  weight  13  tons;  weight  per  axle  19,500 
pounds;  weight  per  inch  of  tire  width  800  pounds. — (3)  Num- 
ber of  trailers  1. —  (4)  State  Highway  Commissioner  may  issue 
permits  for  operation  of  prohibited  vehicles  or  more  than  one 
trailer. 

Rhode  Island. — (1)  Size  not  limited. —  (2)  Gross  weight  of 
trailer  2  tons. — (3)  Number  of  trailers  not  limited. — (4)  State 
Hoard  of  Public  Roads  may  issue  permits  for  heavier  trailers. 

South  Carolina. — (1)  Size  not  limited. —  (2)  Weight  4  tons 
capacity. — (3)  Number  of  trailers  not  limited. — (4)  Highway 
authorities  may  grant  permit  for  operation  of  heavier  vehicles. 

South  Dakota. — No  state  law. 


IMPORTANT  NOTE 

Cost  determination  figures  and  digest  of  laws  are  subject  to 
change  from  time  to  time.  These  are  given  as  a  guide  only,  and 
must  be  verified  by  checking  up  local  conditions.  What  was 
true  at  the  time  of  writing  may  have  been  altered  materially  by 
changed  conditions  shortly  after  time  of  printing. 
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A 

Ability,  motor  truck,  83 
Acid  solution  for  radiator  cleaning, 
622 

Action  of  dry  cells,  242 
Action  of  Edison  storage  battery,  825 
Actual  duration  of  cycle  phases,  LID 
Adjusting  engine  bearings,  213 
Adjusting  Holley  model  K  carbure- 
tor, 192 

Adjusting  Ray  field  carburetor.  12Q 
Adjusting  Schebler  carburetor,  195 
Adjusting  Stromberg  double  jet  car- 
buretor, L84 
Adjusting  Stromberg  type  M  plain 

tube  carburetor,  185 
Adjustment  of  bevel  drive  gears,  231 
Adjustment  of  rear  wheel  bearings, 
750 

Adjustment  of  steering  gear,  252 
Adjustments  of  ball  and  ball  carbu- 
retor. 645 
Adjustments,  Zenith  carburetor,  193 
Advantages  of  detachable  wheels.  411 
Advantages  of  electric  trucks,  Zti6 
Advantages  of  four-cylinder  engines. 
107 

Advantages    of    four-wheel  electric 

drive,  Z81 
Advantages  of  motor  truck.  16 
Advantages  of  tractor  hauling,  582 
Air  cleaner,  use  of,  201 
Air  cooling,  21A 

Air  pressure  fuel  supply  system,  16Z 
Air  pump,  power  operated,  423 
Air  sleeve.  Zenith,  193 
Alcohol-benzol  fuel  mixtures,  16Q 
Alignment  of  wheels,  246 
Allowances.  Ixxly  weight.  55 
Alloy  steel  tor  springs,  385 
Alternating  current,  mains  for  charg- 
ing, m 
Ampere,  definition  of,  816 
Amperemeter,  function  of,  286 
Ampere-hour  indications,  859 
Angle  of  repose,  542 
Angle  of  slide,  549 

Angles   of   incline   for   steel  dump 

bodies,  22 
Anti-freeting  mixture.  612 


Anti- friction  bearings,  ball  and  roller, 
441 

Anti-friction  bearings,  care  of,  442 
Anti-skid  and  traction  devices,  512 
Anti-skid  treads,  special,  420 
Apparatus,  combination  fire,  557 
Applying  pneumatic  truck  tires.  422 
Arc  welding,  special  body  for,  5Z3 
Attaching  solid  tires,  433 
Attachment  of  springs.  382 
*  Autocar  control  system.  502 
Autocar,  how  to  operate.  500 
Autocar  truck  design,  45 
Autocar  truck  engine.  121 
Automatic  coupler  for  trailers,  (Jll 
Automobiles,  armored,  582 
Automobile  tires,  forms  of,  415 
Average  dimensions  of  trucks,  23 
Axle  bearings,  adjustment  of  four- 
wheel.  8Z6 
Axle,  Ford  rear,  32Z 
Axle  for  model  T  Ford  truck,  329 
Axle  forms,  truck  front,  322 
Axle,  live  rear,  322 
Axle,  worm  drive,  repairs,  Z32 
Axles,    double    rear    for    six- wheel 

truck,  3Z2 
Axles,  double  reduction,  345 
Axles,  internal  gear  drive,  345 


B 

Ball  and  ball  carburetor  adjustments. 
64Z 

Ball  and  ball  two-stage  carburetor,  643 
Ball  bearings,  441 
Barrels  and  baskets,  size  of,  98 
Barrels,  flour,  sugar  and  salt,  98 
Batteries  for  electric  trucks,  Z82 
Battery  capacity,  loss  of,  834 
Battery  cell,  storage,  818 
Battery  charging  equipment.  845 
Battery  charging  system,  typical,  848 
Batterv   charging   with    rotary  con- 
verter, 85Q 
Battery  compartment  proportions,  284 
Battery,  couple  gear,  charging,  869 
Battery  defects,  storage.  832 
Batterv  electrolyte,  freezing  points  of, 
844 


947 


948 


Index 


Battery  plates,  causes  of  deteriora- 
tion, sis 

Battery  sulphation,  curing,  83Z 

Battery  tyj>cs,  early,  82Q 

Bearings,  adjusting  engine,  213 

Bearings,  ball  and  roller,  441 

Bearings,  care  and  adjustment  of 
wheel,  251 

Bearings,  four-wheel  drive  electric 
trucks,  876 

Bearings,  scraping,  715 

Benzol-alcohol  fuels,  16Q 

Benzol  as  fuel.  158 

Benzol,  carburetor  for,  159 

Bethlehem  truck  frame.  381 

Bethlehem  truck  operation,  504 

Bevel  drive  gears,  adjustment  of,  Z31 

Bevel  gear  differential,  332 

Bodies  for  trucks,  dumping,  532 

Bodies,  removable  rack,  520 

Bodies,  special  purpose,  03 

Body,  brewery  truck,  65 

Body,  Char-a-banc,  584 

Body  construction.  56 

Body  design  combination,  Z4 

Body  design,  dump.  68 

Body  design,  hand  dumped,  68 

Body  design,  tank,  21 

Body  designs,  bus.  66 

Body  dimensions.  F.  \V.  D.,  52 

Body  dimensions,  Packard,  611 

Body,  express  and  van,  63 

Body  for  dairy  use,  64 

Body  for  ice-cream  business,  562 

Body  for  ice  dealers,  64 

Body  forms,  covered,  63 

Body  forms,  open,  59 

Body,  freight  and  transfer,  61 

Body,  lumber  trade,  68 

Body,  manure  spreading,  578 

Body,  repair  shop.  $8o 

Body,  Selden  combination,  22 

Body,  Selden  five-in-one,  21 

Body,  self-dumping  coal,  65 

Body,  semi -tractor,  69 

Body,  special,  for  pipe,  522 

Body  weight  allowances,  55 

Bonus  systems  for  truck  drivers,  922 

Borg  and  Beck  clutch,  294 

Bosch  dual  ignition,  2Z3 

Bosch  duplex  ignition,  225 

Bosch  magneto  wiring,  252 

Brake  assembly,  typical,  438 

Brake,  electric,  how  to  operate.  826 

Brake,  external  constricting.  439 

Brake  linkage  diagram,  Z56 

Brakes,  adjustment  of,  241 

Brakes,  care  of,  Z41 

Brakes,  forms  of,  438 

Brakes,  motor  truck,  436 

Brakes  of  Pierce-Arrow  truck,  243 


Brewery  truck  body,  65 
Brushes,  electric  motor,  care  of,  814 
Buda  truck  engine,  132 
Builders'  dimensions,  truck  body,  58 
Building  material,  weight  of,  92 
Bus  body  designs,  66 
Bus  body  dimensions,  62 
Bus  body,  dimensions  of  typical.  565 
Bus  body  on  Mack  truck,  568 
Bus  design,  double  deck  English,  66 
Bus  design,  single  deck,  66 
Business,  increase  of,  truck  use  fac- 
tor, 898 

C 

Capacity  of  tanks,  Packard.  169 
Carbon  deposits,  698 
Carburetion  principles.  170 
Carburetor  adjustment.  Ray  field.  19Q 
Carburetor,  ball  and  ball,  644 
Carburetor,  care  of  Zenith,  194 
Carburetor,  compensating,  124 
Carburetor  construction.  Zenith,  192 
Carburetor  design,  element  of.  123 
Carburetor,  first,  1Z2 
Carburetor  for  benzol,  159 
Carburetor,  Hoi  ley  model  K.  195 
Carburetor,  Maybach's  early  form,  122 
Carburetor,  Packard  truck,  125 
Carburetor,  Pierce-Arrow  truck.  64H 
Carburetor.  Rayfield  mixed  type,  182 
Carburetor.  Rayfield  model  LL 
Carhuretorx  Riker  truck,  643 
Carburetor,  Schebler  model  "A,"  125 
Carburetor,  Stromberg  double  jet.  IM 
Carburetor,    Stromberg    one  -  nozzle 

type.  182 
Carburetor,  Stromberg  type  M,  185 
Carburetor  troubles  summarized.  648 
Carburetor,  what  it  should  do,  120 
Carburetor,  Zenith,  192 
Care  and  adjustment  of  wheel  bear- 
ings, 242 
Care  of  anti- friction  bearings,  442 
Care  of  brakes,  Z4J 
Care  of  chains,  240. 
Care  of  hydraulic  hoist.  548 
Care  of  piston  and  rings,  210 
Care  of  Simplex  governor,  210 
Care  of  small  dynamos  and  motors. 
683 

Care  of  springs.  629 

Care  of  storage  battery,  lighting  and 

starting.  680 
Care  of  Walker  truck  chassis.  881 
Care  of  Zenith  carburetor,  194 
Carrier,  special,  for  lumber.  522 
Cars,  delivery.  12 

Casing  head  gas,  testing  outfit  for, 
526 
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Casing  treads,  special,  42Q 
Cast  shell  radiator,  22Q 
Cast  wheels  for  tmcks,  406 
Causes  of  lamp  troubles,  685 
Caustic  solution  for  radiator  cleaning, 
622 

Cells,  sediment  in,  835 

Centrifugal  pump,  222. 

Chain  drive  repairs,  739 

Chain  drive  system,  325 

Chains,  care  of,  Z40 

Change  speed  gear  and  jackshaft  com- 
bined, 303 

Change  speed  gear,  Dodge  Bros.,  Ml 

Change  speed  gear  lever  positions.  483 

Change  speed  gear,  shifting  clutch 
type.  319. 

Change  speed  gear,  using  silent  chains, 
312 

Change  speed  gearing,  Ford  planetary. 
312 

Change    speed    gearing,  four-wheel 

drive,  313 
Change    speed    gearing,  individual 

clutch,  308 
Change  speed  gearing,  repairs  to,  225 
Change  speed  gearing,  selective,  226 
Change  speed  gearing,  ten-speed,  318 
Change  speed  gearing,  W  hite,  303 
Change  speed  gearing,  why  necessary, 

294 

Char-a-banc  truck  body,  584 
Characteristics,  Standard  truck,  33 
Charging  circuit,  Maxwell,  631 
Charging  equipment,  battery,  845 
Charging    equipment,  Westinghouse, 
860 

Charging    from   alternating  current 

mains,  849 
Charging  from  direct-current  mains, 

842 

Charging  lighting  battery.  682 
Charging  rate,  maximum,  858 
Charging  rate,  variation  in.  856 
Charging  rates,  table  of.  852 
Charging  systems,  typical  battery.  848 
Charging  vehicle  batteries.  855 
Charging  with  mercury  rectifier.  849 
Chart     for     determining  advance. 

Bosch,  268 
Chart  for  grade  determination.  602 
Chart  for  preparing  electrolyte,  840 
Chart  for  tractive  force.  604 
Chart  for  trailer  capacity.  606 
Chart  for  truck  lubrication,  421 
Chart    showing    electrolyte  freezing 

points.  844 
Chart  showing  freezing  points  cool- 
ing solutions,  624 
Charts  for  engine  troubles,  635.  636. 
632 


Charts  showing  motor  performance, 
80S 

Chassis  design,  F.W.D.  model  B,  358 
Chassis  design,  Nash  truck,  352 
Chassis,  Mack  A.  C.  truck,  324 
Chassis,  model  G,  L  1L  C,  322 
Chassis  of  Selden  truck,  384 
Chassis   of    White   3K>-  and  5-ton 

trucks,  378 
Chassis,  Packard  motor  truck,  323 
Chassis  parts,  motor  truck,  375 
Chassis  parts,  wick  oiling  for,  389 
Chassis  points  needing  oiling,  422 
Chassis  repairs,  255 
Chassis,  White  two-ton.  320 
Chemical  action,  reversible,  819 
Chemical  current  producers,  242 
Chicago  double-deck  bus,  62 
Chokes  and  jets,  Zenith,  1_°4_ 
Chuck  holes  and  ridges,  509 
Circuit  breaker,  function  of,  285 
Circuits,  Maxwell  electrical.  649 
Circuits.  Riker  truck.  621 
Clark  truck-tractor,  22 
Cleaner  for  air,  201 
Cleaning  radiator  tubes,  621 
Cleaning  Strombcrg  carburetors,  184 
Climbing  hills,  508 
Clutch,  Borg  and  Beck,  294 
Clutch,  cone.  221 
Clutch  forms.  289. 
Clutch.  Hele  Shaw.  293 
Clutch,  Mack  single-plate,  293 
Clutch,  multiple  disc,  222 
Clutch,  not  needed  with  steam  or  elec- 
tric power,  288 
Clutch.  Packard  disc,  292 
Clutch  repairs,  Z2Q 
Clutch  requirements,  289 
Clutch,  White,  303 
Clutch,  why  necessary,  28Z 
Clutches,  types  of  friction,  29J 
Coal  and  coke,  weight  of,  92 
Cold  weather  hints.  Fifth  Ave.  Coach 
Co..  622 

Cold  weather  procedure.  Packard,  615 
Cold  weather  starting.  200 
Columbian  hoist,  539 
Combination  apparatus,  fire.  552 
Combination    body    for    Reo  speed 
wagon,  568 

Combination  body,  four-in-one,  23 
Combination  body,  Selden,  221 
Combination  express  and  dump  Ixxlv, 
521 

Combination    fire   apparatus,  double 
tank.  558 

Combination   gasoline   electric  drive. 
223 

Combined  jack-shaft  and  eearbox.  303 
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Commerce   1-ton  truck  control  sys- 
tem, 4£> 
Commerce  truck  design,  43 
Commerce  truck  fuel  supply  system, 

165 

Commercial  electric  trucks,  ZZ8 
Commercial  truck  specifications,  784 
Commodities,  miscellaneous  weights,  29 
Comparative  freight  rates,  904 
Comparing  horse  and  truck,  891 
Comparing  truck  and  horse,  16 
Comparing  truck  and  wagon  construc- 
tion, 25 
Compensating  carburetor,  124 
Compensating  mixture  variation,  LZ4 
Components  of  modem  trucks,  19 
Composite    truck    showing  design 

trend,  20 
Compression,  poor,  693 
Compression  stroke,  103 
Cone  clutch,  291 
Connecting  rod.  function  of.  Hi 
Connections  of  electric  vehicle  mo- 
tors, 809 
Constant  level  splash  system,  22Z 
Construction  of  Holley  model  K  car- 
buretor, 197 
Construction  of  Packard  carburetor, 
17_Z 

Construction  of  spark  plug.  248 
Construction  of  storage  battery.  243 
Construction  of  truck  Ixxly,  56 
Construction  of  truck  frame,  231 
Construction  of  Stromberg  carburetor, 
186 

Control  levers  and  linkage,  203 
Control  of  Ford  model  T  truck,  491 
Control  of  Ford  planetary  gear.  All 
Control  of  F.  W.  D.  truck,  4&i 
Control  of  L  tL  C.  motor  truck,  481 
Control     system,    Commerce  1-ton 

truck,  482 
Control  system  Nash  Quad,  485 
Control     system    of  Picrce-Arrow 

truck.  488 
Control  system  of  White  truck,  49Q 
Control  system  of  Whither  truck,  485 
Control  system,  Reo  speed  wagon,  489 
Control  systems,  Autocar,  500 
Control  systems,  motor  truck.  48Q 
Controller  wiring  diagrams.  795.  706 
Controllers,  electric  vehicle,  792 
Controllers,  General  Electric.  7_93 
Conversion  sets.  Ford  car,  82 
Cooling  fan.  222 

Cooling  solutions,  freezing  points  of, 
624 

Cooling  system  capacities.  Mack,  626 
C<  oling  system.  Mack  A.  C,  216 
G "  'liny  s>  stem  parts,  224 


Cooling  system  troubles,  719 
Cooling  systems,  air,  214 
Cooling  systems  generally  applied,  213 
Cooling  systems,  why  necessar>\  211 
Cord  tires,  pneumatic,  418 
Cost  determination,  truck  operating. 
890 

Cost  figures,  ton-mile  basis,  919 
Cost  of  motor  truck,  35 
Cost  records,  need  of  systematic.  9DZ 
Cotton,  weight  of,  97. 
Countershaft  used  with  chain  drive, 
325 

Couple-gear  battery  charging,  869 
Couple-gear  electric  truck,  7.66 
Couple-gear  gas-electric,  instructions 
for,  8Z4 

Couple-gear  gas-electric  truck,  770 
Couple-gear  truck  details,  769 
Couple-gear  truck,  driving,  8o5 
Couple-gear  truck  repairs.  ft>8 
Couple -gear  wheel,  7_Z2 
Coupler,  automatic,  for  trailers,  600 
Covered  body  forms,  63 
Cranes  and  derricks,  portable,  55ll 
Cranes  for  loading  and  unloading,  523 
Crankcase,  what  it  is,  115 
Current  control,  automatic,  28i 
Current  control  governors,  285 
Current  producers,  chemical,  2A1 
Cushion  tires  for  trucks,  4JU 
Cushion  wheel,  Jaxon,  412 
Cushion  wheel.  Martin,  411 
Cushion  wheel,  Universal,  413 
Cycle  phases,  actual  duration  of.  110. 
Cylinder  and  piston,  what  they  do,  112 
Cylinder  head  gaskets,  replacing,  7_09 


D 

Daily  report  form,  Timken.  924 
Dairy  body,  64 
Dangers  of  flushing,  835 
Data  regarding  Western  Electric  mo- 
tors, 803 

Dealers'  inspection  service  system.  9JJ 

Defects  in  storage  battery,  832 

Definition  of  ampere.  81ti 

Definition  of  ohm.  815 

Definition  of  volt,  815 

Definition  of  watt.  811 

Delco  ignition  system.  247 

Delco  starting  and  lighting  faults,  67.4 

Delivery  cars,  17_ 

Demountable  steel  disc  wheels,  402 

Deposits,  carbon,  698 

Derivation  of  S.  A.  E.  formula.  119 

Derricks  and  cranes,  portable,  550 

Descending  hills.  508 

Design  of  Bethlehem  truck  frame.  381 


Google 


Index 


951 


Desigmof  carburetors,  elements  of,  173 
Design  of  foot -actuated  brake,  440 
Design  of  hand-actuated  brake,  441 
Design  of  Hotchkiss  drive,  385 
Design  of  Packard  chassis,  610,  (AZ 
Design  of  power-operated  air  pump, 
424 

Design  of  Riker  truck,  49 
Design  of  towing  hook,  382 
Design  of  truck,  1Z 
Design  of  White  truck  frame,  380 
Designs  of  internal  gear  drive  axle, 
350 

Designs  of  solid  tires,  dual,  432 
Designs  of  solid  tires,  single,  441 
Designs  of  truck  loading  conveyors, 
52Z 

Designs  of  worm  axles,  343 
Detachable  rims,  forms  of,  420 
Detachable  wheels,  advantages  of,  411 
Details  of  couple-gear  trucks,  769 
Details  of  six-wheel  truck,  3Z1 
Deterioration,  cause  of  plate,  838 
Determination,  grade,  6.05 
Determination  of  grades,  602 
Determining  truck  operating  costs,  889 
Devices  for  anti-skid  use.  512 
Devices,  truck  loading,  51Z 
Differential  assembly,  L  H.  C,  338 
Differential,  bevel  gear,  332 
Differential  gear,  how  it  operates,  337 
Differential  gear,  purpose  of,  334 
Differential  mechanism,  worm  gear, 
339 

Differential,  Xash  truck.  3411 
Differential,  positive  drive,  339 
Differential,  Walter  positive  drive,  339 
Digest  of  truck  ami  trailer  laws.  242 
Dimensions  for  body  builders,  58 
Dimensions  of  bus  body,  62 
Dimensions  of  truck  body,  56 
Dimensions  of  trucks,  average.  93 
Dimensions  Packard  truck  body,  6Q 
Direct  air  cooling,  213 
Direct  current  mains,  charging  from. 
Ml 

Directions  for  fitting  pneumatic  truck 

tires.  42Z 
Disc  clutch,  multiple.  292 
Disc  wheels,  demountable,  402 
Dixie  magneto  operation,  260 
Dodge  Bros,  gearset,  301) 
Dodge  Bros,  light  truck  engine,  126 
Dodge  fuel  supply  system.  163 
Don'ts  for  truck  drivers,  509. 
Double  axle  arrangement,  six- wheel 

truck,  322 
Double  deck  bus,  Chicago,  62 
Double  deck  bus  design.  66 
Double  reduction  axles.  345 
IVmble  sprag  arrangement,  261 


Double  tank  combination  apparatus. 
558 

Drawbar  pull,  84 
Drawbar  pull  of  trucks.  601 
Drive,  four-wheel  electric,  7_81 
Drive  gearing,  worm,  341 
Drive  shaft  for  winch,  262 
Drive  system,  front  wheel,  363 
Drive  systems,  four-wheel,  349 
Drive  systems,  motor  truck,  321 
Driver,  instructions  for,  455 
Drivers'  instructions,  Packard  truck, 
609 

Driving  electric  trucks,  8ti4_ 
Drop  side  body  for  trucks,  522 
Drum  mechanism,  winch,  760 
Dry  cell  action,  242 
Dry  cell  wiring,  242 
Dual  magneto  systems,  2Z1 
Dual  solid  tires,  432 
Dump  and  express  body  combination, 
521 

Dump  body  design,  68 

Dump  body  with  hydraulic  hoist,  68 

Dump  bodies,  angle  of  incline  for 

steel,  99 
Dumping  bodies,  532 
Dumping  body  for  trailer,  603 
Duplex  magneto  system,  225 
Dynamo  and  motor  care,  small,  683 
Dynamo  governors,  285 


E 

Early  lottery  types,  820 
Edison  alkaline  cell,  renewing  water, 
842 

Edison  storage  battery  action,  825 

Edison  vehicle  battery,  831 

Efficiency   of   motor  truck,  formula 

for,  892 
Eggs,  weight  of,  92 
Electric  automobiles,  motors  for,  792 
Electric  brake,  to  operate,  826 
Electric  drive,  Walker  balanced  >>  - 

tern.  Z86 
Electric  industrial  trucks,  29 
Electric  motor  and  battery  arrange  - 
ment. 812 
Electric  motor  brushes,  sanding,  K14 
Electric  motors,  faults  in,  813 
Electric  motors,  General  Electric  ve- 
hicle. 802 
Electric  starting  system  parts,  229 
Electric  starting  systems,  222 
Electric  system,  Reo  Speed  Wagon, 
655 

Electric  truck  advantages,  767 
Electric  truck  batteries.  282 
Electric  truck  construction,  Ziil 
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Electric  truck  features.  Z65 
Klectric  truck  for  lumber,  581 
Electric  truck  operation,  commercial, 
876 

Electric  truck.  Ward  1-ton,  265 
Electric  trucks,  commercial,  228 
Electric  trucks,  driving  couple-gear, 
862 

Electric  trucks,  Walker,  286 
Electric  vehicle  controllers,  792 
Electric  vehicle  motor  troubles,  813 
Electrical  circuits,  Maxwell  truck,  649 
Electrical  generator,  Reo  system,  66Q 
Electrical  measurement  units,  815 
Electrical  systems  of  trucks,  241 
Electrical  terms  defined,  815 
Electrolyte,  chart  for  preparing,  841 
Electrolyte  freezing  points,  844 
Electrolyte,  making,  838 
Elements  of  carburetor  design,  123 
Engine,  clutch  for,  288 
Engine  design,  autocar,  123 
Engine  design,  Buda,  134 
Engine  design  for  trucks,  101 
Engine  design  for  pneumatic  tires,  153 
Engine  design,  Hercules,  135 
Engine  design,  1  H  C.  truck,  140. 
Engine  design.  Packard,  125 
Engine  design,  Riker,  144 
Engine  design,  White,  132 
Engine  design,  Wisconsin,  128 
Engine,  heat  loss  in,  212 
Engine  lubrication,  Mack  A.  C.  232 
Engine  lubrication,  Packard.  232 
Engine  lubrication.  White,  234 
Engine  lubrication,  Wisconsin,  235 
Engine,  main  parts  of,  112 
Engine  parts.  L  tL  C.  142 
Engine  parts,  what  they  do.  LLi 
Engine  repairs,  removing  and  grind- 
ing valves.  2DJ) 
Engine  speed  governors,  205 
Engine  trouble  charts.  635.  636.  637 
Engine  troubles,  summary,  Oil 
Engines,  Ford  truck,  121 
Engines,  loss  of  power,  693 
Engines,    removing   carbon  deposits 

from,  628 
Engines,  repairing.  693 
Engines,  self-starters  for,  225 
English  bus  design.  66 
Ensign  carburetor.  L  1L  C.  158 
Ensign  carburetor,  using  distillate,  2<h> 
Equipment  for  battery  charging,  845 
Exhaust  stroke.  105 
Exide  batterv.  "Iron  Clad,"  822 
Exide  MY  15  tottery.  822 
Explosion  stroke,  UJ5 
Express  and  dump  bodv  combination, 
521 

Express  body.  63 


Extension  rims  for  sand,  514 
External  constricting  brake,  432 

F 

Fabric  disc  universal  joints,  335 
Factors  controlling  truck  size,  90 
Factors  regulating  truck  use,  89J 
Fan  for  cooling  system,  222 
Faults  in  electric  motors,  813 
Features  of  electric  trucks,  265 
Fifth  Avenue  bus,  cold  weather  hints. 
628 

Final  drive,  worm,  342 
Fire  apparatus,  motor  driven.  55J 
Fire  apparatus,  tractors  for,  555 
Fire  department  wrecking  truck,  £5J 
Flexible  universal  joints,  332 
Float   feed  carburetor  development. 
121 

Flour,  sugar  and  salt  barrels,  28 
Flushing,  dangers  of,  835 
Flywheel  and  crankshaft,  what  thev 
do,  113 

Flywheel  marking  as  an  aid  to  valve 
timing,  7(U 

Foot-actuated  brake  design,  440 
Forced  water  circulation,  215 
Ford  car  conversion  sets,  82 
Ford  fuel  supply,  162 
Ford  ignition  system,  242 
Ford  planetary  transmission,  316 
Ford  rear  axle,  32Z 
Ford  truck  engine,  121 
Ford  truck,  how  to  drive,  491 
Ford  model  T  truck  control,  421 
Form  for  driver's  daily  report,  924 
Form  for  inspection  record,  933 
Form  for  parts  return  sheet.  9_4D_ 
Form  for  service  work  order,  238 
Form  for  truck  summary,  928 
Form  for  V  im  service  job  envelope. 
9J2 

Formed  plates,  Plante,  821 
Forms  of  clutches,  289 
Forms  of  quick  detachable  rims.  417 
Formula  for  motor  truck  efficiency. 
892 

Formula,  S.  A.  E..  derivation  of,  112 
Formula  for  horsepower.  112 
Four-cycle  engine  operation,  1H2 
Four-cylinder  engine,  advantages  of, 
107 

Four-in-one  truck  body,  23 
Four-speed  gearbox,  292 
Four-speed  gearbox,  White,  303 
Four-speed  gear  designs,  298 
Four-stroke  cycle  operation,  102 
Four-wheel  drive  and  steer  system. 
349 
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Four-wheel  drive,  electric,  Z81 
Four- wheel  drive  system  parts,  555 
Four-wheel  drive  transmission,  313 
Four-wheel  drive  truck  details,  359 
Four-wheel  drive  truck,  model  B,  358 
Four-wheel  internal  drive  trucks,  op- 
eration, 8Z6 
Frame  construction,  motor  truck,  322 
Frame  constructions,  typical,  322 
Frame  of  Bethlehem  truck,  581 
Frame  of  White  2-ton  truck,  380 
Freezing  points,  chart  showing,  624 
Freight  and  transfer  bodies,  61 
Freight  costs  by  motor  trucks,  904 
Freight  rates,  comparative,  904 
Friction  clutches,  how  they  transmit 

power,  221 
Front  axles  for  trucks,  392 
Front  wheel  drive  .system,  365 
Fuel  oil,  152 

Fuel  supply,  gravity  feed,  164 
Fuel  supply  systems,  by  air  pressure, 
L68 

Fuel  supply  by  vacuum  tank,  164 
Fuel  supply  systoH,  Commerce.  165 
Fuel  supply  system.  Dodge,  163 
Fuel  supply  system,  Ford,  162 
Fuel  supply  system,  L  iL  C.  161 
Fuel  system,  Pierce-Arrow.  639 
Fuel  systems,  Packard,  168 
Fuelizer,  Packard.  122 
Fuels,  benzol,  158 
Fuels,  benzol-alcohol,  161) 
Fuels  for  gasoline  engines.  156 
Fuels,  kerosene  *md  oil.  157 
Fuels,  specifications  for,  156 
Fuels,  storage  and  supply,  161 
(''unctions  of  truck  parts,  25 
F.  \V.  D.  truck  body  dimensions,  5Z 
F.  \Y.  D.  truck  control.  486 
F.  \V.  D.  truck  design,  58 
F.  \V.  D.  truck  test,  362 


G 

Gas-electric  truck,  couple-gear.  770 

Gas  supply  regulation,  203 

Gases,  speed  of  inlet.  125 

Gasket,  replacing  cylinder  head.  709 

Gasoline  industrial  truck  tractor,  72 

Gasoline  specifications,  156 

Gasoline,  three  classes  of.  152 

Gasoline  truck  repairs.  690 

Gear  adjustment  in  Timken  Detroit 
axle,  231 

Gear  and  wheel  pullers.  246 

Gear  hoist,  truck  with.  53ft 

Gear  oil  pump  for  Packard  engine.  258 

Gear  positions.  F.  \V.  D.  transmis- 
sion, 314 


Gear  positions,  White  transmission, 
306 

Gear  reductions  and  engine  to  wheel 

ratios,  311 
Gearbox  andijackshaft  combined,  303 
Gearbox,  four-speed  selective,  292 
Gearbox  repairs,  Z25 
Gearbox,  three  speed  selective,  296 
Gearing,  worm  drive,  541 
Gears,  steering,  524 
Gearset,  Dodge  Bros.,  -300 
General  Electric  controller,  223 
General    Electric   controller  wiring. 

795.  m 

General  Electric  motors,  .electric,  806 

Generator,  care  of,  685 

Generator,  electrical,  Reo,  660 

Generator,  function  of,  281 

Generator,  types  of,  281 

Giant  truck  tires,  pneumatic,  424 

G.  M.  C.  model  101 B  truck  design.  50 

Good  service,  hints  for,  511 

Goodyear  six-wheel  truck,  3Z1 

Gould  pasted  plate  cell,  830 

Governor,  hydraulic.  206 

Governor,  Kramer,  202 

Governor,  Kramer  automatic,  2QZ 

Governor,  Packard.  122 

Governor,  Pierce  automatic,  208 

Governor,  Simplex,  210 

Governors  for  current  control,  285 

Governors  for  truck  engines,  205 

Grade  determination,  605.  602 

Gravity  feed  fuel  supply,  164 

Grid,  resistance,  294 

Grinding  valves,  638 


H 

Hand-actuated  brake  design.  441 

Hand-dumped  bus  body.  68 

Hand-operated  hoist, 

Hand-pressure  pump,  641 

Handling  large  tires,  machine  for.  429 

Hauling  with  semi-tractors,  525 

Hauling  with  tractors,  521 

Hauls,  long.  893 

Hauls,  short.  823 

Hay,  weight  of,  28 

Heat  loss  in  average  motor,  213 

Hele  Shaw  disc  clutch.  223 

Hercules  truck  engine,  133 

High-tension  magneto  wiring,  258 

Hills,  climbing.  508 

Hills,  descending,  508 

Hills,  stopping  truck  on,  502 

Hints  for  cold  weather  operation,  62ft 

Hints  for  good  service,  511 

Hints  for  starting  system  care,  622 
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History  card,  use  of,  in  service  sta- 
tion, 236 

Hoist,  Columbian  hand-operated,  532 
Hoist,  hand-operated,  532 
Hoist,  hydraulic,  544 
Hoist,  mechanical  gearing.  534 
Hoist,#Pierce-Arrow  hydraulic,  54Z 
Hoists  for  .trucks,  532 
Hoists,  truck  with  gear,  538 
Holley  model  K  carburetor,  125 
Horn  circuit.  Maxwell.  653 
Horse  and  truck  compared,  16,  821 
Horse  inefficient  as  machine.  890 
Horse  wagons  as  trailers,  222 
Horsepower  formulae,  LLZ 
Horses,  work  done  by,  16 
Hotchkiss  drive,  design  of,  385 
Hot  weather  driving.  Mack  trucks,  61& 
How  to  drive  a  truck. 
Hydraulic  governor,  206 
Hydraulic  hoist,  care  of.  548 
Hydraulic  hoist,  Wood,  544 


I 

Ice  cream  truck,  body  for,  562 
Ice  dealers'  truck  bodv,  64 
Idle  time.  825 
Idling  device.  Zenith,  122 
Ignition  circuit,  Maxwell,  652 
Ignition  magneto  construction,  253 
Ignition  system,  Bosch  duplex,  275 
Ignition  system,  Delco,  246 
Ignition  system  faults,  Z19. 
Ignition  system,  non-vibrator,  245 
Ignition  system  parts,  essential,  244 
Ignition  system,  Reo  Speed  Wagon. 
655 

Ignition  system,  Riker  truck.  668 
Ignition  systems,  Bosch  dual,  273 
Ignition  systems,  Ford,  247 
Ignition  systems,  magneto,  256 
L  H.  C.  differential  assembly,  338 ; 
Ensign    carburetor.    198:  engine 
parts.  142;  fuel  supply.  161;  inter- 
nal gear  drive  axle,  342;  model  E 
engine,  140 ;  model  G  chassis,  322 : 
model  G  engine,  141 ;  truck  control, 
481  ;  truck  engines,  138 
Important  suggestions  to  truck  driv- 
ers. 507 

Impulse  starters  for  magneto,  270 
Increase  of  .business  as  truck  use  fac- 
tor. 828 

Indications,  ampere-hour  meter,  859 
Individual  clutch  change  speed  gear- 
ing. 308 

Individual  truck  summary  form,  928 
Industrial  and  shop  trucks,  Z5 
Industrial  truck,  towmotor,  Z8 


Industrial  truck  with  telpher,  553 
Industrial  trucks,  electric,  Z9_ 
Inspection  in  railway  practice,  4JL5 
Inspection  of  motor  trucks,  453 
Inspection  procedure,  systematic,  453 
Inspection  record,  form  for,  233 
Inspection  schedules,  459 
Inspection  service  system,  dealer's,  933 
Inspector,  instructions  for,  457 
Installation  of  truck  engines,  148 
Installing  solid  tires.  433 
Installing  Columbian  hoist,  543 
Instructions  for  couple-gear  gas-elec- 
tric, 974 
Instructions  for  inspector,  457 
Instructions  for  Mack  truck  opera- 
tion, 425 

Instructions  for  Packard  truck  oper- 
ation, 42Z 
Instructions  for  truck  driver,  455 
Instructions  for  truck  washer.  45Z 
Intake  stroke,  103 

Internal  gear  drive  axle  designs.  350 
Internal  gear  drive  axle.  L  H.  C.  347_ 
Internal  gear  axle  repairs.  734 
Internal  gear  drive  axles,  345 
Internal  gear  drive  trucks,  electric.  87h 
"Iron  Clad"  Exiclc  bat'ery,  82Z 


J 

lnc!<shaf.\  V.  hite  double  reduction.  326 
Job  envelope  form.  232 
Joints,  universal,  331 


K 

Kerosene  as  fuel,  15Z 

Kerosene,  special  vaporizers  for.  158 

Kramer  governor,  2UZ 


L 

Lamp  troubles  and  causes.  685 

Lansden  electric  truck,  266 

Laws,  truck  and  trailer,  942 

Lead  plate  type  vehicle  batteries.  855 

Leaf  springs,  383 

I-eather  disc  universal  joint,  332 

Lighting  battery  care,  680 

Lighting  battery  charging,  682 

Lighting  circuit,  Maxwell,  653 

Lighting  switch,  use  of,  2iki 

Light  trailers,  526 

Liquid  fuel  storage  and  supply.  161 

Liquids,  weight  of,  98 

Live  axles,  single  reduction.  325 

Load  distribution  in  trucks.  449 
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Loaders,  conveyors,  526 
Loaders,  portable,  522 
Loading  and  unloading,  cranes  for, 
523 

Loading,  care  required  in,  440 

Loads,  one  way,  898 

Loads,  variable,  89ft 

Long  distance  motor  transportation, 

Ixmg  hauls,  893 
Loss  of  battery  capacity,  834 
Loss  of  power,  623 
Lubricants,  specifications  of,  462 
Lubricating  universal  joints,  Z35 
Lubrication,  constant  level  splash,  227 
Lubrication,  "dry  sump"  system,  228 
Lubrication  for  chassis  parts  by  wicks, 
321 

Lubrication  of  spring  pins.  391 
Lubrication  of  truck  engines,  22Z 
Lubrication  of  trucks,  463 
Lubrication  of  Walker  truck,  88Z 
Lubrication,  Packard  engine.  238 
Lubrication  system,  Nash,  22Q 
Lubrication  system  troubles,  Z2Q 
Lubrication,  White  engine,  235 
Lumber,  special  carrier  for,  579 
Lumber  trade  body,  68 


Maccar  truck  unit  power  plant,  152 
Machine    for   handling   large  truck 

tires,  429 
Mack  A.  B.  chain  drive  oiling,  4i4 
Mack  A.  B.  worm  drive  truck  oiling, 

454 

Mack  A.  C.  chain  drive  oiling,  458 : 
chassis.  324 ;  cooling  system,  2\<) ; 
engine  lubrication,  232 :  truck  design, 
54;  truck  engine,  145;  truck  jack- 
shaft.  303 
Mack  bus  body,  568 
Mack  clutch,  single  plate,  293 
Mack  truck  engine  installation,  15Q 
Mack  truck,  how  to  start  engine,  494 
Mack  trucks,  caring  for  in  winter,  623 
Mack  trucks,  cooling  system  capacity, 
626 

Mack  truck  operation,  detailed  in- 
structions, 495 

Mack  trucks,  operating  in  hot  weather, 
61ft 

Magneto  construction,  253 
Magneto.  Dixie.  26Q 
Magneto  ignition  system,  timing,  264 
Magneto  'ignition,  true  high  tension, 
258 

Magneto  ignition  wiring  diagram,  263 
Magneto  systems,  dual.  221 


Magneto    systems,    impulse  starters 

for,  270 
Maintenance  routine,  425 
Manure  spreader  and  unloader,  5Z8 
Marking  timing  gears,  ZQ6 
Material,  weights  and  measures  of,  92 
Materials,  angle  of  slide  of,  5511 
Materials  used  in  truck  frames.  3ZZ 
Materials,  weights  of,  452 
Maximum  charging  rate,  R5jj 
Maxwell  horn  circuit,  053 
Maxwell  ignition  circuit,  652 
Maxwell  lighting  circuit,  653 
Maxwell  starting  and  lighting,  650 
Maxwell  system  charging  circuit,  651 
Maxwell  truck  wiring  diagram,  654 
Mechanical  hoist,  types  of,  534 
Mechanism  of  winch,  760 
Mercury  arc  rectifier  wiring,  854 
Metal  universal  joints,  331 
Metal  wheels  a   future  development, 

401 

Metal  wheels,  strength  tests  of,  411Z 
Mica  spark  plug,  251 
Milk,  weight  of,  9Z 
Miscellaneous  commodities,  weight  of, 
92 

Mixed  type  Ray  field  carburetor.  182 
Mixing  chamber,  Venturi  type,  124 
Mixture,  anti-freezing,  61Z 
Mixture  proportions,  best.  121 
Mixture  troubles,  causes  of.  21Z 
Mobile  gas  testing  outfit,  5Z6 
Mobile  repair  shop,  5K6 
Model  T  Ford  truck  axle.  322 
Models,  range  of  truck,  12 
Motor   and   axle,   Walker  balanced 

drive,  Z82 
Motor  details,  Westinghouse.  801 
Motor-driven  fire  apparatus,  553 
Motor  fuels,  156 
Motor  meter,  use  of,  222 
Motor  performance  curves.  Westing- 
house.  804 
Motor  power  needed  for  trucks,  33 
Motor  transportation,    long  distance. 
200 

Motor  truck  ability,  83 
Motor  truck  advantages,  16 
Motor  truck  advantages  over  horses. 
820 

Motor  truck  brakes,  utility  of.  436 
Motor  truck  chassis  parts,  375 
Motor  truck  control  systems.  480 
Motor  truck  cost,  how  it  varies,  35 
Motor  truck  daily  report  form,  924 
Motor  truck  drive  system,  testing,  362 
Motor  truck  drive  systems.  321 
Motor  truck  efficiency  formula,  892 
Motor  truck  freight  costs,  904 
Motor  truck  laws,  942 
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Motor  truck  power  plants,  typical,  121 

Motor  truck  springs.  383 

Motor  truck  statistics,  18 

Motor    truck    summary,  individual 

forms,  928 
Motor  trucks  for  municipal  use,  560 
Motor  trucks,  drawbar  pull  of.  601 
Motor  wheel  assembly,  internal  gear, 

Z82 

Motors  for  electric  automobiles,  Z92 
Motors,  General  Electric  vehicle,  806 
Motors,  Westinghouse  electric  vehicle, 
799 

Muffler  repairs,  Z63 
Multiple  cylinder  engines,  108 
Multiple  disc  clutch,  292 
Municipal  trucks,  use  of,  560 


N 

Nash  brake  linkage,  Z56  . 
Nash  light  truck,  wiring  of.  688 
Nash  lubrication  system,  229 
Nash  quad  control,  485 
Nash  quad  truck  wiring.  686 
Nash  truck  chassis  design.  352 
Nash  truck  differential.  340 
Nash  truck  wheels,  356 
Natural  water  circulation,  215 
Newspaper,  weight  of.  29 
Noisy  operation  of  engines,  ZH 
Number  of  trucks,  18 


O 

• 

Ohm,  definition  of,  815 

Oil  circulating  pump,  232 

Oiling  system,  Wisconsin,  235 

Oiling  truck  parts,  465 

One  way  loads,  895 

Open  body  forms,  Riker,  59 

Operating  autocar,  5111 

Operating  cost  determination,  889 

Operating  costs,  Packard  trucks,  909 

Operation,  noisy  engine,  ZH 

Operation    and    loading    of  motor 

trucks,  448 
Operation  of  differential  gear,  33Z 
Operation  of  Dixie  magneto,  260 
Operation  of  Ford  car  planetary  gear, 

312 

Operation  of  four-cycle  engine,  102 
Operation  of  hydraulic  hoist,  544 
Operation  of  Packard  governor,  1Z8 
Operation  of  White  transmission,  305 
Outfits,  semi-trailer.  ZD 
Overload  springs,  388 


P 

Packard  disc  clutch,  292 
Packard  engine  lubrication,  23Z 
Packard  fuel  supply  system,  168 
Packard  fuelizer,  129 
Packard  governor,  122 
Packard  governor  operation,  1Z8 
Packard  motor  troubles,  614 
Packard  motor  truck  chassis.  323 
Packard  road  troubles,  locating,  611 
Packard  steering  knuckle,  393 
Packard  thermostat,  225 
Packard  truck  body  dimensions.  60 
Packard  truck  brakes,  442 
Packard  truck  carburetor,  125 
Packard  truck  control  system,  499 
Packard  truck  drivers,  notes  for,  609 
Packard  truck  engine,  124 
Packard  truck,  how  to  start  engine. 
498 

Packard  truck  ignition  system,  266 
Packard  truck  operating  costs,  909 
Packard  truck  operation  of.  49S 
Packard  truck  tanks,  capacity  of,  169 
Packard  truck  wheels,  400 
Packard  worm  drive  axle,  344 
Parts  disposal,  instructions  for,  940 
Parts  of  electric  starting  system.  280 
Parts  requisition  form,  939 
Parts  return  sheet  form,  940 
Pasted  plates,  Faure,  822 
Peerless  model  T.  C.  truck  design.  52 
Performance  of   Westinghouse  mo- 
tors, 803 

Physical    factors    controlling  truck 
size,  91 

Pierce-Arrow  carburetor,  640 
Pierce- Arrow  hydraulic  hoist,  54Z 
Pierce-Arrow  tools  and  equipment. 
690 

Pierce-Arrow  truck  brakes,  Z43 
Pierce-Arrow  truck  control,  488 
Pierce-Arrow  truck  fuel  system,  639 
Pierce  automatic  governor,  208 
Pipe  hauling  body,  5ZZ 
Piston  and  rings,  care  of,  Z10 
Plain  tube  carburetor,  Schebler,  195 
Planetary  gearing,  Ford,  31Z 
Planetary  reduction  truck  axle,  34Z 
Plate  deterioration  causes,  838 
Plow  for  snow,  truck  driven,  564 
Plunger  oil  pump,  232 
Pneumatic  tire  repairs,  tools  for,  422 
Pneumatic  tired  trucks,  engine  for, 
153 

Pneumatic  tires,  construction  of,  41i 
Pockets  for  loading  trucks,  526 
Points  on  power  plant  needing  oil,  421 
Poor  compression,  695 
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Poor  economy  towing  horse  wagons, 
928 

Porcelain  spark  plug,  25Q 
Portable  cranes  and  derricks,  550 
Positive  drive  differential,  332 
Power  loss  in  engines,  623 
Power  needed  for  trucks,  33 
Power  plant  installation,  148 
Power  plant  oiling,  4Z1 
Power  plant  unit  removable,  152 
Power  transmission  by  clutches,  221 ; 

by  shaft  drive,  22 
Power  transmission  methods,  321 
Practical  negatives,  622 
Press  for  installing  solid  tires,  435 
Pressed  steel  truck  frame,  3ZZ 
Principles  of  carburetion,  1ZQ 
Principles  of  valve  timing,  111 
Production  of  motor  trucks,  18 
Proportions  of  battery  compartment, 

784 

Proportions  of  mixture,  best,  1Z1 
Pull,  drawbar,  84,  601 
Pump  for  circulating  oil,  232 
Pump,  hand-operated    for  fuel  feed, 
642 

Pumps  for  water  cooling,  22 


Q 

Quick  detachable  rims,  forms  of,  412 


R 

Rack  bodies,  removable.  5_L8 
Radiator,  cast  shell,  22Q 
Radiator  construction,  21Z 
Radiator  sectional,  22Q 
Radiator  supports,  21Q 
Radiators,  how  to  clean,  621 
Radius  rods,  why  used,  385 
Railway  practice,  inspection  in,  453 
Range  of  truck  models,  1Z 
Ray  field  carburetor  adjustment,  12Q 
Rayficld  mixed  type  carburetor,  1S2 
Rayficld  model  O  carburetor,  188 
Rayficld  thermostat,  225 
Rear  axles  and  shafts,  repairs  to,  Z28 
Rear  axles,  Timken-Detroit,  Z31 
Rearwheel  bearings,  adjusting,  Z51 
Record  of  inspection  form,  933 
Rectifier  bulb,  mercury,  849 
Rectifier  bulb  wiring,  853 
Refitting  bearings  in  engines.  Z15 
Regulation  of  gas  supply,  203 
Removable  power  plant  unit,  152 
Removable  rack  bodies,  518 
Reo  speed  wagon,  body  for,  562 
Reo  speed  wagon  control,  482 


Reo  speed  wagon  design,  41 
Reo  speed  wagon  electric  system,  55 
Reo  speed  wagon  ignition,  655 
Reo  speed  wagon  ignition  timing,  657 
Reo  speed  wagon,  wiring  diagram  of, 
66Z 

Reo  starting  motor,  663 
Reo  steering  gear.  753 
Repair  shops,  mobile,  586 
Repairing  gasoline  trucks,  690 
Repairing  truck  engines,  623 
Repairs  to  chain  drive,  739 
Repairs  to  chassis,  Z55 
Repairs  to  clutches,  Z2Q 
Repairs  to  couple-gear  trucks,  868 
Repairs  to  gearbox,  Z25 
Repairs  to  internal  gear  drive  axle, 
UA 

Repairs  to  muffler,  Z63 
Repairs  to  rear  axles  and  shafts,  Z28 
Repairs  to  Walker  truck,  886 
Repose,  angle  of,  542 
Requisition  form.  Vim  service,  932 
Requisition  forms  for  parts,  232 
Resilient  wheels,  402 
Resistance  grid  for  electric  vehicles, 
794 

Resistance,  road,  99,  602 
Resistance,  tractive,  84 
Reversible  chemical  action,  819 
Riker  carburetor  adjustments,  64/ 
Riker  electrical  equipment,  6Z1 
Riker  engine  design,  144 
Riker  four-speed  gearing.  22Z 
Riker  truck  carburetor,  643 
Riker  truck  design,  42 
Riker  truck  electrical  circuits,  6Z1 
Riker  truck  engine,  143 
Riker  truck  ignition  system,  668 
Rim  forms  for  pneumatic  tires,  42Q 
Rings,  piston,  care  and  repair,  Z10 
Road  conditions  govern  truck  costs. 
825 

Road  resistance  table,  22 
Road  troubles,  locating  Packard,  611 
Roads,  tractive  resistance  of,  84 
Roller  bearings,  441 
Rotary  converter  for  battery  charg- 
ing, 850 

Rotary  converter,  Westinghouse,  862 
Rotary  inductor  magneto,  261 
Route  planning,  8% 
Routine  maintenance,  475 
Running  gear  parts,  lubricating,  481 


S 

Sand,  extension  rims  for,  514 
Sand,  mud  or  snow,  operating  truck 
in,  502 
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Schebler  plain  tube  carburetor,  125 
Schedules,  inspection,  452 
Scoop  conveyor  for  truck  loading,  528 
Scraping  engine  bearing,  Z15 
Screw  and  nut  type  steering  gear,  328 
Sectional  radiator,  Dart,  220 
Sediment  in  cells,  835 
Sclden  nve-in-one  body,  21 
Scldcn  truck  chassis,  3X4 
Seidell  truck  design,  46 
Selective  change  speed  gearing,  226 
Self-dumping  coal  body,  65 
Self-starters  for  gasoline  engine,  275 
Semi-tractor  bodies,  62 
Semi-tractor  for  hauling,  595 
Semi-trailer  outfits,  ZQ 
Service-station  system,  Vim,  235 
Service  work  order,  938 
Shaft  drive,  power  transmission  by, 22 
Shifting  clutch  transmission,  312 
Shoe  brakes,  Packard,  442 
Shop  trucks,  electric,  79 
Shop  trucks,  gasoline,  ZZ 
Short  hauls,  823 
Simple  engine,  parts  of,  105 
Simple  ignition  system,  essentials  of, 
244 

Simplex  four-in-one  body,  Z4 

Simplex  governor,  210 

Simplex  governor  care,  2111 

Single  deck  bus  design,  66 

Single  plate  clutch.  Mack,  223 

Single  reduction  live  axles,  325 

Single  solid  tires,  431 

Six-wheel  truck  details,  3Z1 

Six- wheel  truck,  double  rear  axle,  3Z2 

Six-wheel  truck  specifications,  3Z1 

Six-wheeled  truck,  88,  362 

Size  of  barrels  and  baskets,  28 

Size  of  business  to  use  trucks  89.1 

Size  of  trucks,  factors  controlling,  9Q 

Size  of  trucks,  physical  factors,  21 

Slide,  angle  of,  542 

Slow  charge  cure  for  sulphation.  837 

Slow  speed  trailers.  Troy,  522 

Snow  and  ice,  weight  of,  22 

Snow,  plow  for,  564 

Solid  rubber  tires,  431 

Solid  tires,  attaching  to  rim,  433 

Solid  tires,  installing.  4JJ 

Solid  tires,  press  for,  4.15 

Solutions  for  clearing  radiators,  622 

Spark  plug  construction,  248 

Spark  plug,  mica.  251 

Spark  plug,  porcelain,  250 

Special  body  designs,  514 

Special  body  for  arc  welding,  5Z3 

Special  body  for  pipe,  5ZZ 

Specifications  for  fuels,  156 

Specifications  of  lubricants,  462 

Specifications  of  six-wheel  truck,  3211 


Speed  combinations  Walker  truck.  £84 
Sprag  arrangement,  double,  Z6I 
Spring  mounting  for  storage  battt  rv. 
243 

Spring  pin  lubrication,  321 
Spring  suspension,  383 
Spring  wheels,  409 
Springs,  alloy  steel  for,  382 
Springs,  attachment  of,  382 
Springs,  care  of,  622 
Springs,  fastening^)  axle.  382 
Springs  for  motortrucks.  383 
Springs,  functions  of,  386 
Springs,  overload,  388 
Standard  gear  shift  lever  positions, 
483 

Standard  truck  characteristics,  33 
Starters  for  engines.  2Z5 
Starting  and  lighting.  Ren  system.  tdH 
Starting  and  lighting  svstem,  Max- 
well, 65Q 

Starting  and  lighting  system.  Riker 

truck,  6ZQ 
Starting  and  lighting  svstem  troubles, 

676 

Starting  and  lighting,  two-unit,  6~r> 
Starting  in  cold  weather,  2QQ 
Starting  motor,  care  of,  683 
Starting  motor,  function  of,  283 
Starting  motor,  Reo  speed  wagon.  66-3 
Starting  system  battery,  care  of,  682 
Starting  system   generator,   care  of, 
683 

Starting  system  parts,  electric,  222 
State  laws  governing  trucks  and  trail- 
ers, 242 
Statistics,  motor  truck.  18 
Steady  power,  how  secured,  1QZ 
Steel  dump  bodies,  angles  of  incline 

for,  22 
Steel  truck  wheels,  404 
Steels,  alloy,  for  springs.  385 
Steering  gear  adjustment,  Z52 
Steering  gear,  screw  and  nut  tvpe, 
328 

Steering  gear,  White,  326 
Steering  gear,  worm  and  nut  type.  253 
Steering  gear,  worm  and  segment,  325 
Steering  gears,  324 
Steering  knuckle,  Packard,  323 
Steering  knuckle.  White.  32Z 
Steering  linkage,  parts  of,  324 
Sterling  truck  design.  48 
Stopping  truck  on  nills,  509 
Storage  battery  action,  820 
Storage  battery,  care  of,  680 
Storage  battery  cell,  818 
Storage  battery  construction,  243 
Storage  battery  defects,  832 
Storage  battery,  Edison.  824 
Storage  battery  electrolyte,  839 
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Storage  battery,  function  of,  283 
Storage  battery  mounting,  244 
Storage  battery,  Plante,  821 
Strainer  for  oil  system,  232 
Strength  of  wood  and  metal  wheels, 
405 

Stromberg  carburetor  adjustment,  dou- 
ble jet,  m 
Stromberg  carburetor  troubles,  IE1 
Stromberg  carburetors,  cleaning,  185 
Stromberg  double  jet  carburetor,  ISA 
Stromberg  one-nozzle  type  carburetor, 

182 

Stromberg  type  M  carburetor,  185 
Suggestions  to  truck  drivers,  impor- 
tant, 5QZ 
Sulphation,  cause  and  cure,  83Z 
Summary  of  carburetor  troubles.  648 
Summary  of  engine  troubles,  631 
Switch,  lighting,  286 
Systematic  cost  records,  need  of,  007 
Systematic  inspection  procedure,  453 


T 

Table  of  charging  rates,  ft57 
Table  of  road  resistance,  602 
Tank  rxxly  design,  Zl 
Tank  body,  metal.  Zl 
Tank  body.  wood.  Zl 
Telpher,  use  on  trucks,  552 
Ten-speed  truck  transmission.  .118 
Testing  motor  truck  drive  system,  36Z 
Testing  outfit    tor  gas.  casing  head, 
576 

Thermostat,  advantages  of.  225 
Thermostat  operation,  225 
Thermostat.  Packard.  225 
Thermostat.  Ray  field,  225 
Thcrmo-syphon  water  circulation,  215 
Three  classes  of  gasoline,  L5Z 
Three-plate  clutch.  Borg  and  Beck,  204 
Three-point  support,  142 
Throttle,  use  of,  502 
Time  card,  workman's,  936 
Timing  gears,  how  marked.  ZQ6 
Timing  gears,  usual  installation.  115 
Timing  magneto  ignition  system,  2M 
Timing  Reo  speed  wagon.  65Z 
Timing  valves,  703 

Timing  valves  by  piston  movements, 
ZQ8 

Timken- Detroit  rear  axles,  Z31 

Tire  inflation  table.  428 

Tires  for  trucks,  cushion,  430 

Tires,  pneumatic.  415 

Tires,  pneumatic  cord.  41ft 

Tires,  solid  rubber,  411 

Ton-mile  basis  for  cost  figures,  910 


Tool  outfit,  White  trucks,  622 
Tools  and  accessory  equipment,  691 
Tools  and  equipment,  Pierce-Arrow, 
690 

Tools  for  pneumatic  tire  repairs,  All 
Towing  hook  design,  382 
Towing  hooks,  use  of,  3Z2 
Towing  horse  wagons,  poor  economy, 
228 

Towmotor,  industrial  truck,  Z8 
Traction  devices,  512 
Tractive  force  chart,  604 
Tractive  resistance  of  roads,  84 
Tractive  resistances,  summary  of,  8Z 
Tractor,  adaptability  of.  520 
Tractor,  military-truck,  588 
Tractors  for  fire  apparatus,  555 
Tractors,  utility  of,  582 
Trailer,  capacity  chart.  606 
Trailer,  Troy  four-wheel,  528 
Trailer  with  special  dumping  body,  603 
Trailers,  horse  wagons  as.  929 
Trailers,  laws  governing  use  of,  942 
Trailers,  light,  526 
Trailers,  Troy,  52Z 
Trailers.  Troy  slow  speed,  599 
Trailers,  two-wheel.  522 
Trailers,  types  of,  522 
Transformer  coil  type  magneto  wir- 
ing. 258 

Transmission.  Ford  planetary,  315 
Transmission,  ten-speed,  318 
Treads,  anti-skid,  420 
Troubles,  causes  of  mixture,  Z1Z 
Troubles,  charts  for  locating  engine, 
638 

Troubles,  cooling  system.  719 
Troubles,  ignition  system,  719 
Troubles,  lubrication  system.  720 
Troubles,  starting  and  lighting  system. 

Troubles  with  Stromberg  carburetor, 
18Z 

Troy  trailers,  52Z 
Truck  ability  formula.  83 
Truck  and  horse  compared.  KL  821 
Truck  and  trailer  laws  digest.  242 
Truck  and  wagon  construction  com- 
pared. 25 
Truck  applications,  special,  514 
Truck,  armored,  583 
Truck  axle  with  planetary  reduction, 
34Z 

Truck  axles,  front,  322 
Truck  body  construction,  56 
Truck  body  dimensions,  average,  56 
Truck  body,  drop  side,  522 
Truck  brakes,  adjusting,  741 
Truck  characteristics,  standard,  33 
Truck  components,  12 
Truck  construction,  electric,  Z64 
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Truck  conversion  sets,  82 
Truck  design,  autocar,  45 
Truck  design,  commerce  model  E,  43 
Truck  design,  F.  W.  D.,  58 
Truck  design,  G.  M.  C.  model,  5Q 
Truck  design,  Mack  A.  C,  54 
Truck  design,  Peerless  model  T.  C,  52 
Truck  design,  Reo  speed  wagon,  41 
Truck  design,  Selden,  46 
Truck  design,  six-wheel,  88 
Truck  design  stabilized,  1Z 
Truck  design,  Sterling,  48 
Truck  design.  Whither,  44 
Truck  designs,  typical.  4Q 
Truck  designs,  Vim,  4Q 
Truck  details,  F.  W.  I).,  352 
Truck  dimensions,  average,  04 
Truck  drawbar  pull.  84 
Truck  driven. snow  plow,  564 
Truck  drivers,  bonus  system  for.  222 
Truck  electrical  circuits,  Maxwell,  650 
Truck  electrical  system.  241 
Truck  engine,  autocar.  121 
Truck  engine,  Buda,  132 
Truck  engine  design,  lill 
Truck  engine.  Dodge.  126 
Truck  engine,  Hercules.  133 
Truck  engine,  lubrication  of,  222 
Truck  engine,  Mack.  146 
Truck  engine,  Packard.  124 
Truck  engine  parts,  what  they  do,  LL3 
Truck  engine  principles,  Jjj3 
Truck  engine,  Riker.  143 
Truck  engine.  Wisconsin,  122 
Truck  engines.  Ford.  121 
Truck  engines,  L  IL  C,  138 
Truck  engines,  installation  of,  148 
Truck  engines.  White.  136 
Truck  for  ice-cream  business,  56Z 
Truck  frames,  materials  used  in,  3ZZ 
Truck  frames,  pressed  steel,  377 
Truck,  how  to  drive.  5QZ 
Truck  loading  and  operation,  44& 
Truck  loading  devices,  -SI 7 
Truck  lubrication.  463 
Truck  lubrication  chart.  470 
Truck  maintenance  routine,  47.^ 
Truck  models,  range  of.  12 
Truck  motors  and   battery  arrange- 
ment, electric.  8JQ 
Truck  motors,  operating  conditions  of. 
116 

Truck   operating   costs,  determining. 
9QZ 

Truck  operation.  Bethlehem,  505 
Truck  parts,  oiling,  465 
Truck  parts,  what  they  do,  21 
Truck  production  figures,  18 
Truck  repair  shop.  5H6 
Truck  repairs,   tools  and  equipment 
for.  69J 


Truck,  six-wheel,  3Z1 
Truck,  six-wheeled,  369 
Truck  size,  factors  controlling,  2Q 
Truck,  special  electric,  for  lumber,  582 
Truck  specifications,  commercial  elec- 
tric, Z84 
Truck  spring  suspension.  383 
Truck  test,  F.  W.  D.,  362 
Truck  tires,  applying  pneumatic,  42Z 
Truck  tires,  cushion.  43Q 
Truck  tires,  giant  pneumatic,  424 
Truck  tires,  solid  rubber,  433 
Truck  tractor,  Clark,  21 
Truck  tractor,  towmotor  industrial,  Z8 
Truck  transportation,    long  distance, 
900 

Truck  turning  circles.  25 

Truck  use,  factors  regulating,  823 

Truck,  washing,  688 

Truck  wheels,  cast  steel,  406 

Truck  wheels,  motor,  399 

Truck  wheels.  Nash,  356 

Truck  wheels,  steel,  404 

Truck,  White,  good  roads,  523 

Trucking  by  horses,  16 

Trucking  by  motor,  16 

Trucks,  combination  gas-electric,  ZZ4 

Trucks  for  municipal  use,  560 

Trucks,  industrial  shop,  Z5 

Trucks,  load  distribution  in,  442 

Trucks,  motor  power  needed  for,  33 

Trucks,  shop,  electric,  Z2 

Trucks,  shop,  gasoline,  ZZ 

Turning  circles,  truck,  25 

Two.  four  and  six  cylinders  com- 
pared. IDS 

Two-speed  and  reverse  gear,  Ford. 
317 

Two-stage  carburetor,  ball  and  hall. 
644 

Two-unit  starting  and  lighting,  626 
Two-wheel  light  trailer,  522 
Types  of  anti- friction  bearings,  443 
Types  of  clutches,  221 
Typical  bus  body,  dimensions  for,  565 
Two-unit  system,  28Q 
Typical  control  systems.  485 
Typical  frame  construction,  3ZZ 
Typical  motor  truck  power  plant,  121 
Typical  truck  designs,  40 


U 

Unit  power  plant,  Maccar  truck.  152 
Universal  joint,  fabric  disc,  335 
Universal  joints,  331 
Universal  joints,  all  metal.  331 
Universal  joints,  flexible,  332 
Universal  joints,  how  used,  333 
Universal  joints,  leather  disc  type.  132 
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Universal  joints,  lubrication  of,  235 
Use  of  throttle,  509 
Utility  of  winches,  520 


V 

Vacuum  tank,  construction  of,  162 
Vacuum  tank,  operation  of,  166 
Vacuum  tank  system,  164 
•Valve  timing  by  flywheel  marks,  Z04 
Valve  timing  by  piston  movement,  208 
Valve  timing  principles,  HI 
Valve  timing,  Wisconsin,  130 
Valves,  adjusting,  201 
Valves  and  cams,  what  they  do,  LL1 
Valves,  grinding  methods,  699 
Valves,  removing,  200 
Valves,  timing  of.  203 
Van  body,  63 

Vaporizers,  special  for  kerosene,  158 
Variable  loads,  828 
Variation  in  charging  rate,  856 
Vehicle  motors,  electric,  229 
Venturi  type  mixing  chamber,  124 
Vim  service  station  system,  935 
Vim  truck  design,  40 
Volt,  oefinition  of,  815 


W 

W  agon  and  trucks  compared,  25 
Walker  axle  lubrication  diagram,  828 
Walker  balanced  drive  truck  wiring, 
882 

Walker  balanced  electric  drive,  Z86 
Walker  electric  truck,  Z86 
Walker  truck  chassis  care,  881 
Walker  truck,  instructions  for  driver, 
829 

Walker  truck  lubrication.  88Z 
Walker  truck  repairs,  886 
•.Walker  truck  speed  combinations.  884 
Walter  positive  drive  differential,  339 
Ward  1-ton  electric  chassis.  265 
Ward  1-ton  electric  truck,  Z65 
Washer,  instructions  for,  452 
Washing  trucks.  688 
Water  circulation,  forced.  215 
Water  circulation,  thermo-syphon,  215 
Water  cooling  by  natural  circulation, 
214 

Water  cooling  pumps,  222 
Watt,  definition  of,  812 
Weight  allowances,  body,  55 
Weight  of  building  material,  92 
Weight  of  coal  and  coke,  92 
Weight  of  cotton,  22 
Weight  of  eggs,  92 
Weight  of  hay,  98 


Weight  of  liquids,  miscellaneous,  28 
Weight  of  milk, -97 
Weight  of  miscellaneous  commodities, 
29 

Weight  of  newspaper,  99 
W;eight  of  snow  and  ice,  99 
Weights  and  measures  relating  to  ma- 
terials, 22 

Weights   of    materials,   grains  and 

produce,  452 
Weights  of  materials,  liquids,  451 
Weights  of  materials,  miscellaneous, 

452 

Weights  of  materials,  woods,  451 
W  elding  special  body  for  arc,  526 
Westinghouse    charging  equipment, 
86Q 

Westinghouse  motor  details,  801 
Westinghouse  motor  performance,  803 
Westinghouse  performance  charts,  805 
Westinghouse  rotary  converter,  862 
Westinghouse  vehicle  motors,  7}Br 
Wheel  alignment,  246 
Wheel  and  gear  pullers.  246 
Wheel  bearings,  care  and  adjustment, 
24Z 

Wheel  bearings,  rear  wheel,  251 

Wheel,  couple-gear,  222 

Wheels  for  Packard  trucks,  400 

Wheels,  motor  truck,  399 

Wheels  of  Nash  truck.  356 

Wheels,  spring  and  resilient,  409 

Wheels,  wire,  409 

W  heels,  wood  construction,  399 

W  hite  chassis  oiling  diagram7~428 

White  clutch  and  gearbox,  303 

White  gearshift  lever,  handling.  490 

W  hite  G.  N.  unit  power  plant,  138 

White  good  roads  truck.  523 

White  oil  pump  action.  234 

White  power  plant  lubrication,  422 

White  running  gear  lubrication,  4£U 

White  steering  gear.  326 

White  steering  knuckle,  322 

White  y/y  ton  truck  chassis.  328 

White  2-ton  truck  frame.  380 

W  hite  transmission,  operation  of,  305 

White  truck  control.  420 

White  truck  engines.  136 

White  truck  frame,  large.  252 

White  trucks,  tools  for,  622^ 

W  hite  two-ton  chassis,  320,  326 

Wick  oiling  for  chassis  parts,  382 

Winch    drive    mechanism,  universal 

joints  for,  762 
Winch  drum  mechanism,  26Q 
Winch  installation,  522 
Winch  installation,  Xash,  258 
Winches,  utility  of,  520 
Winter  care  of  Mack  trucks,  623 
Winther  truck  control,  485 
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Winther  truck  design,  44 
Wire  wheels,  409 

Wiring  diagram,  Maxwell  truck,  654 
Wiring  diagram,  Nash  light  truck,  688 
Wiring  diagram,  Nash  quad  truck, 686 
Wiring  diagram,  Reo  speed  wagon,  fitiZ 
Wiring  diagram,  G.  E.  controller,  7(j5. 

Wiring  diagrams,  Riker  truck,  670 
.Wiring  dry  cells,  242 
Wisconsin  engine  valve  timing,  13Q 
•Wisconsin  oiling  system,  235 
Wisconsin  truck  engines,  122 
Wood  and  metal  wheels,  strength  of, 
405 

Wood  wheels  for  trucks.  322 
Work  done  by  horses,  lh 
Work  order,  service,  9.38 
Workman's  time  card,  Vim  system, 
236 


Worm  and  segment  steering  gear,  325. 
Worm  axle  designs,  343 
Worm  drive  axle.  Ford,  322 
Worm  drive  axle,  Packard,  344 
Worm  drive  axles,  repairs  to,  121 
Worm  drive  gearing,  ill 
Worm  drive  of  truck  winch,  759 
Worm  gear  differential  mechanism, 
332 

Wreck  truck,  fire  department,  551 
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Zenith  air  sleeve,  193 

Zenith  carburetor,  122 

Zenith  carburetor  adjustment.  123 

Zenith  chokes  and  jets,  124 

Zenith  idling  device,  122 
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THE  MODERN  GASOLINE  AUTOMOBILE— ITS  DESIGN,  CONSTRUC- 
TION, MAINTENANCE  AND  REPAIR.    By  Victor  W.  Paq£,  M.E. 

The  latest  and  most  complete  treatise  on  the  Gasoline  Automobile  ever  issued.  Written 
in  simple  language  by  a  recognized  authority,  familiar  with  every  branch  of  the  auto- 
mobile industry.  Free  from  technical  terms.  Everything  is  explained  so  simply 
that  anyone  of  average  intelligence  may  gain  a  comprehensive  knowledge  of  the 
gasoline  automobile.  The  information  is  up-to-date  and  includes,  in  addition  to  an 
exposition  of  principles  of  construction  and  description  of  all  types  of  automobiles  and 
their  components,  valuable  money-saving  hints  on  the  care  and  operation  of  motor- 
cars propellod  by  internal  combustion  engines.  Among  some  of  the  subjects  treated 
might  be  mentioned:  Torpedo  and  other  symmetrical  body  forms  designed  to  reduce 
air  resistance;  sleeve  valve,  rotary  valve  and  other  types  of  silent  motor  :  increasing 
tendency  to  favor  worm-gear  power -transmission:  universal  application  of  magneto 
ignition:  development  of  automobile  electric-lighting  systems:  block  motors:  under- 
slung  chassis:  application  of  practical  self-starters;  long  stroke  and  offset  cylinder 
motors;  latest  automatic  lubrication  systems;  silent  chains  for  valve  operation  and 
change-speed  gearing;  tho  use  of  front  wheel  brakes  and  many  other  detail  refinements. 
By  a  careful  study  of  the  pages  of  this  book  one  can  gain  practical  knowledge  of  auto- 
mobile construction  that  will  save  time,  money  and  worry.  The  book  tells  you  just 
what  to  do.  how  and  when  to  do  it.  Nothing  has  been  omitted,  no  detail  has  been 
slighted.  Every  part  of  tho  automobile,  its  equipment,  accessories,  tools,  supplies, 
spare  parts  necessary,  etc.,  havo  been  discussed  comprehensively.  If  you  are  or 
intend  to  become  a  motorist,  or  are  In  any  way  interested  in  tho  modern  Gasoline 
Automobile,  this  is  a  book  you  cannot  afford  to  be  without.  Over  l.(K)0  pages — 
and  more  than  1 ,000  new  and  specially  made  detail  illustrations,  as  well  as  many  full- 
page  and  double-page  plates,  showing  all  parts  of  the  automobile.  Including  12  large 
folding  plates.    1920  Edition.    Price  $4.00 

WHAT  IS  SAID  OF  THIS  BOOK: 

"  It  Is  the  best  book  on  the  Automobile  seen  up  to  date." — J.  H.  Pile.  Associate  Editor 
Automobile  Trade  Journal. 

"  Every  Automobile  Owner  has  use  for  a  book  of  this  character." — The  Tradesman. 
"This  book  Is  superior  to  any  treatise  heretofore  published  on  tho  subject." — The 
Jnventite  Age. 

"We  know  of  no  other  volume  that  Is  so  complete  in  all  its  departments,  and  In  which 
the  wide  field  of  automobile  construction  with  its  mechanical  Intricacies  is  so  plainly 
handled,  both  in  the  text  and  in  tho  matter  of  Illustrations." — The  Motorist. 
"The  book  is  very  thorough,  a  careful  examination  failing  to  disclose  any  point  In 
connection  with  the  automobile,  its  care  and  repair,  to  have  been  overlooked." — 
Iron  Age. 

"Mr.  Page"  has  done  a  great  work,  and  benefit  to  the  Automobile  Field." — W.  C. 
Hasford.  Mgr.  Y.  M.  C.  A.  Automobile  School.  Rpstoni  Mass. 

"It  is  just  tho  kind  of  a  book  a  motorist  noods  if  ho  wants  to  understand  his  car."— 
American  Thresher  man. 

THE  MODEL  T  FORD  CAR,  ITS  CONSTRUCTION,  OPERATION  AND 
REPAIR,  INCLUDING  THE  FORD  FARM  TRACTOR.  By  Victor  W. 
Pag£,  M.E. 

This  is  a  complete  instruction  book.  All  parts  of  tho  Ford  Model  T  Car  are  described 
and  illustrated;  tho  construction  is  fully  described  and  operating  principles  made 
clear  to  everyone.  Every  Ford  owner  needs  this  practical  book.  You  don't  have  to 
guess  about  the  construction  or  where  the  trouble  is.  as  it  shows  how  to  take  all  parts 
apart  and  how  to  locate  and  fix  all  faults.  The  writer,  Mr.  Page,  has  operated  a  Ford 
car  for  four  years  and  writes  from  actual  knowledge.  Among  the  contents  are: 
1.  The  Ford  Car.  Its  Parts  and  Their  Functions.  2.  Tho  Engine  and  Auxiliary 
Groups.  How  the  Engine  Works— The  Fuel  Supply  System — The  Carburetor — 
Making  the  Ignition  Spark — Cooling  and  Lubrication.  3.  Details  of  Chassis. 
Change  Speed  Gear — Power  Transmission — Differential  Gear  Action — Steering  Gear 
— Front  Axle — Frame  and  Springs— Brakes.  4.  How  to  Drive  and  Care  for  the  Ford. 
The  Control  System  Explained-  Starting  the  Motor — Driving  the  Car — Locating 
Roadside  Troubles— Tiro  Repairs— Oiling  the  Chassis — Winter  Care  of  Car.  5.  Sys- 
tematic Location  of  Troubles  and  Remedies.    Faults  in  Engine— Faults  in  Carburetor 
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— Ignition  Troubles — Cooling   and  Lubrication   System  Defects — Adjustment  of 
Transmission  Gear — General  Chassis  Repairs.     The  Ford  Tractor  and  Tractor  con- 
version sets  and  Genuine  Fordson  Tractor  Operation  and  Repair — F.  A.  Starting 
and  Lighting  System.    153  illustrations.    410  pages.    Two  large  folding  plate* 
Price   .  $2.00 

AUTOMOBILE  REPAIRING  MADE  EASY.   By  Victor  W.  Pag£,  M.E. 

A  comprehensive,  practical  exposition  of  every  phase  of  modern  automobile  repairing 
practice.  Outlines  every  proc«"ss  incidental  to  motor  car  restoration.  Gives  puns  for 
workshop  construction,  suggestions  for  equipment,  power  needed,  machinery  and  tools 
neoissary  to  carry  on  the  business  successfully.  Tells  how  to  overhaul  and  repair  all 
parts  of  all  automobiles.  Everything  is  explained  so  simply  that  motorists  and  students 
can  acquire  a  full  working  knowledge  of  automobile  repairing.  This  work  starts  with 
the  enidne.  then  considers  carburetion.  ignition,  cooling  and  lubrication  systems.  The 
clutch,  change  speed  gearing  and  transmission  system  are  considered  in  detail.  Contains 
instructions  for  repairing  all  types  of  axles,  steering  gears  and  other  chassis  parts. 
Many  tables,  short  cuts  in  figuring  and  rules  of  practice  are  given  for  the  mechanic. 
Explains  fully  valve  and  magneto  timing,  "tuning"  engines,  systematic  location  of 
trouble,  repair  of  ball  and  roller  bearings,  shop  kinks,  first  aid  to  "injured  and  a  multi- 
tude of  subj«'cts  of  interest  to  all  in  the  garage  and  repair  business. 

This  book  contains  special  instructions  on  eUctric  starting,  lighting  and  ignition  systems, 
tin-  repairing  and  rebuilding,  autogenous  xcclding.  brazing  and  soldering,  heal  treatment  of 
s(<el.  latest  timing  practice, eight  and  tuelec-cylindcT  motors,  etc.  5^x8.  Cloth.  105o 
pages,  1.000  illustrations.  1 1  folding  plates.   Price  $4.00 

WHAT  IS  SAID  OF  THIS  BOOK: 

•'  'Automobile  Repairing  Made  Easy*  is  the  best  book  on  the  subject  I  have  ever  seen 
and  the  only  book  I  ever  saw  that  is  of  any  value  in  a  garage."— Fred  Jeffrey.  Martins- 
burg.  Neb. 

"I  wish  to  thank  you  for  sending  me  a  copy  of  'Automobile  Repairing  Made  Easy.'  I 
do  not  think  it  could  be  excelled. "— S.  VV.  Gisricl.  Director  of  Instruction.  Y.  M.  C.  A., 
I'lilladelphia.  Pa. 

QUESTIONS  AND  ANSWERS  RELATING  TO  MODERN  AUTOMOBILE 
CONSTRUCTION,  DRIVING  AND  REPAIR.    By  Victor  W.  Pag£,  MJ2. 

A  practieal  self-instructor  for  students,  mechanics  and  motorists,  consisting  of  thirty- 
seven  lessons  in  tin*  form  of  questions  and  answers,  written  with  special  reference  to  the 
requirements  of  the  non-technical  reader  desiring  easily  understood,  explanatory 
matter  relating  to  all  branches  of  automobiling-  The  subject- matter  is  absolutely 
corn-et  and  explained  in  simple  language.  If  you  can't  answer  all  of  the  following 
questions,  you  need  this  work.  The  answers  to  these  and  nearly  2O00  more  are  to 
be  found  in  its  panes.  Give  the  name  of  all  Important  parts  of  an  automobile  and 
describe  their  functions?  Describe  action  of  latest  types  of  kerosene  carburetors* 
What  is  the  ditrerence  l>etween  a  "double"  Ignition  system  and  a  "dual"  ignition 
system'.'  Name  parts  of  an  induction  coil?  How  are  valves  timed?  What  is  an 
electric  motor  starter  and  how  does  it  work?  What  are  advantages  of  worm  drive 
gearing?  Name  all  important  tyj)es  of  ball  and  roller  hearings?  What  is  a  "three- 
quarter"  floating  axle'  What  is  a  two-speed  axle?  What  is  the  Vulcan  electric  gear 
shift?  Name  the  causes  of  lost  power  in  automobiles?  Describe  all  noises  due  to 
deranged  mechanism  and  give  causes?  How  can  you  adjust  a  carburetor  by  the 
color  of  the  exhaust  gases?  What  causes  "  popping"  In  the  carburetor?  What  tools 
ami  supplies  are  needed  to  equip  a  car?  How  do  you  drive  various  makes  of  cars? 
What  is  a  differential  lock  and  where  is  it  used?  Name  different  systems  of  wire 
wheel  construction,  etc..  etc.  A  popular  work  at  a  popular  price.  bVi  x7>*.  Cloth. 
700  pages.  350  illustrations,  3  folding  plates.    Price  $2.50 

WHAT  IS  SAID  OF  TniS  BOOK: 
"If  you  own  a  car — eet  this  book." — The  Glassworker. 

"Mr  Paue  has  the  faculty  of  making  difficult  subjects  plain  and  understandable."— 

Bristol  I'ress. 

"We  can  name  no  writer  better  qualified  to  prepare  a  book  of  instruction  on  auto- 
mobiles than  Mr.  Victor  W.  Page." — Scientific  American. 

"The  best  automobile  catechism  that  has  appeared." — Automobile  Topics. 

"There  are  few  men.  even  with  loni?  experience,  who  will  not  And  tills  book  useful. 

Great  pains  have  been  taken  to  make  it  accurate.    Special  recommendation  must  be 

4 


Digitized  by  Google 


CATALOGUE  OF  GOOD,  PRACTICAL  BOOKS 


given  to  the  illustrations,  which  have  been  made  specially  for  the  work.  Such  ex- 
cellent books  as  this  greatly  assist  in  fully  understanding  your  automobile.  "—En- 
gineering News.  t 

MODERN  STARTING,  LIGHTING  AND  IGNITION  SYSTEMS.  By  Victor 
W.  Page,  M.E. 

This  practical  volume  has  been  written  with  special  reference  to  the  requirements  of  the 
non-technical  reader  desiring  easily  understood,  explanatory  matter,  relating  to  all 
types  of  automobile  ignition,  starting  and  lighting  systems.  It  can  be  understood  by 
anyone,  even  without  electrical  knowledge,  because  elementary  electrical  principles  are 
considered  before  any  attempt  is  made  to  discuss  features  of  the  various  systems. 
These  basic  principles  are  clearly  stated  and  illustrated  with  simple  diagrams.  All  the 
leading  systems  of  starting,  lighting  and  ignition  have  been  described  and  illustrated  with 
the  co-operation  of  the  experts  employed  by  the  manufacturers.  Wiring  diagrams  are 
shown  in  both  technical  and  non-technical  forms.  All  symbols  are  fully  explained.  It 
is  a  comprehensive  review  of  modern  starting  and  ignition  system  practice,  and  includes 
a  complete  exposition  of  storage  battery  construction,  care  and  repair.  All  types  of 
starting  motors,  generators,  magnetos,  and  all  ignition  or  lighting  system  units  are 
fully  explained.  The  systems  of  cars  already  in  use  as  well  as  those  that  are  to  come 
in  1020  are  considered.  Every  person  in  the  automobile  business  needs  this  volume. 
5«tfx7H-  Cloth.  804  pages.  492  illustrations.  3  folding  plates.  Price  ..     .  93.00 

GASOLINE  AND  KEROSENE  CARBURETORS,  CONSTRUCTION,  IN- 
STALLATION AND  ADJUSTMENT.  By  Major  Victor  W.  Page.  A 
New  Up-to-date  Book  on  Modern  Carburetion  Practice. 

This  is  a  simple,  comprehensive,  and  authoritative  treatise  for  practical  men  ex- 
plaining all  basic  principles  pertaining  to  carburetion.  showing  how  liquid  fuels  are 
vaporized  and  turned  into  gas  for  operating  all  t  ypes  of  internal  combustion  engines  in- 
tended to  operate  on  vapors  of  gasoline,  kerosene,  benzol,  and  alcohol.  All  leading  types 
of  carburetors  aro  described  in  detail,  special  attention  being  given  to  the  forms  devised 
to  use  the  cheaper  fuels  such  as  kerosene.  Carburetion  troubles,  fuel  system  troubles, 
carburetor  repairs  and  installation,  electric  primers  and  economizers,  not  spot  mani- 
folds and  all  modern  carburetor  developments  are  considered  in  a  thorough  manner. 
Methods  of  adjusting  all  types  of  carburetors  are  fully  discussed  as  well  as  sugges- 
tions for  securing  maximum  fuel  economy  and  obtaining  highest  engine  power. 
This  book  is  invaluable  to  repairmen,  students,  and  motorists,  as  it  includes  the 
most  complete  exposition  on  kerosene  carburetors  ever  published.  The  drawings 
showing  carburetor  construction  are  made  from  accurate  engineering  designs  and 
show  all  parts  of  late  types  of  carburetors.    250  pages.    i>9  illustrations.  .  $2.00 

HOW  TO  RUN  AN  AUTOMOBILE.    By  Victor  W.  Paoe. 

This  treatise  gives  concise  instructions  for  starting  and  running  all  makes  of  gasoline 
automobiles,  how  to  care  for  them,  and  gives  distinctive  features  of  control.  De- 
scribes every  step  for  shifting  gears,  controlling  engine,  etc.  Among  the  chapters 
contained  are:  I.  Automobile  Parts  and  Their  Functions.  II.  General  Starting 
and  Driving  Instructions.  111.  Typical  1910  Control  Systems — Care  of  Auto- 
mobiles.   Thoroughly  illustrated.    178  pages.    72  illustrations.    Price  .  $1.60 

THE  AUTOMOBJXIST'S  POCKET  COMPANION  AND  EXPENSE  RECORD. 

By  Victor  W.  Page. 

This  book  Is  not  only  valuable  as  a  convenient  cost  record,  but  contains  much  in- 
formation of  value  to  motorists.  Includes  a  condensed  digest  of  auto  laws  of  all 
States,  a  lubrication  schedule,  hints  for  care  of  storage  battery,  and  care  of  tires, 
location  of  road  troubles,  anti-freezing  solutions,  horse-power  table,  driving  hints 
and  many  useful  tables  and  recipes  of  interest  to  all  motorists.  Not  a  technical 
book  in  any  sense  of  the  word,  just  a  collection  of  practical  facta  in  simple  language 
for  the  every -day  motorist.    Convenient  pocket  size.    Price  $1.26 

AUTOMOBILE   WELDING  WITH  THE  OXY-ACETYLENE  FLAME.'  By 

M.  Keith  Dunham. 

Explains  in  a  simple  manner  apparatus  to  be  used,  its  care,  and  how  to  construct 
necessary  shop  equipment.    I»roceeds  then  to  the  actual  welding  of  all  automobile 
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parts,  in  a  manner  understandable  by  every  one.  Gives  principles  never  to  be  for- 
gotten. This  honk  is  of  utmost  value,  since  the  \  erplexlng  problems  arising  wbra 
metal  is  heated  to  a  melting  point  are  fully  explained  and  the  proper  methods  to 
overcome  them  shown.    167  pages.    Fully  illustrated.    Price  f  1.60 

MOTORCYCLES  AND  SIDE  CARS,  THEIR  CONSTRUCTION,  MANAGE- 
MENT AND  REPAIR.  By  Victor  W.  Pao£,  M.E. 

The  only  complete  work  published  for  the  motorcyclist  and  repairman.  Describes 
fully  all  leading  types  of  machines,  their  design,  construction,  maintenance,  operation 
and  repair.  This  treatise  outlines  fully  the  operation  of  two-  and  four-cycle  power 
plants  and  all  ignition,  carburution  and  lubrication  systems  in  detail.  Describes  all 
representative  types  of  free  engine  clutches,  variablo  speed  gears  and  power  trans- 
mission systems.  Gives  complete  instructions  for  operating  and  repairing  all  types. 
Considers  fully  electric  self-starting  and  lighting  systems,  all  types  of  spring  frames 
and  spring  forks  and  shows  leading  control  methods.  For  those  desiring  technical 
information  a  complete  series  of  tables  and  many  formulie  to  assist  in  designing  are 
included.  The  work  tells  how  to  figure  power  needed  to  climb  grades,  overcome  air 
resistance  and  attain  high  speeds.  It  shows  how  to  select  gear  ratios  for  various 
weights  and  powers,  how  to  figure  braking  efficiency  required,  gives  sizes  of  belts  and 
chains  to  transmit  power  safely,  and  shows  how  to  design  sprockets,  belt  pulleys,  etc. 
This  work-also  includes  complete  formulae  for  figuring  horse-power,  shows  bow  dyna- 
mometer tests  are  made,  defines  relative  efficiency  of  air-  and  water-cooled  engines,  plain 
and  anti-friction  bearings  and  many  other  data  of  a  practical,  helpful,  engineering 
nature.  Remember  that  you  get  this  Information  in  addition  to  the  practical  de- 
scription and  instructions  which  alone  are  worth  several  times  the  price  of  the  book. 
600  pages.  400  specially  made  illustrations.  4  f 


WHAT  IS  SAID  OP  THIS  BOOK: 

"  Here  is  a  book  that  should  be  in  the  cycle  repairer's  kit."— American 
"  The  best  way  for  any  rider  to  thoroughly  understand  his  machine,  is  to  get  a  copy 
of  this  book;  it  is  worth  many  times  its  price.*  Wad/lc  Motorcyclist. 

AUTOMOBILE,  AVIATION  AND  MOTORCYCLE  CHARTS 

AVIATION  CHART— LOCATION  OF  AIRPLANE  POWER  PLANT  TROUBLES 
MADE  EASY.   By  Major  Victor  W.  Pag*,  A  S.,  S.C.U.S.R. 

A  large  chart  outlining  all  parts  of  a  typical  airplane  power  plant,  showing  the  points 
where  trouble  is  apt  to  occur  and  suggesting  remedies  for  the  common  defects.  In- 
tended especially  for  aviators  and  aviation  mechanics  on  school  and  field  duty. 
Price  86  cents 

CHART.   GASOLINE  ENGINE  TROUBLES  MADE  EASY— A  CHART  SHOW- 
ING SECTIONAL  VIEW  OF  GASOLINE  ENGINE.   Compiled  by  Victor 

W.  Page,  M.E. 

It  shows  clearly  all  parts  of  a  typical  four-cylinder  gasoline  engine  of  the  four-cycle 
type.  It  outlines  distinctly  all  parts  liable  to  give  trouble  ana  also  details  the  de- 
rangements apt  to  interfere  with  smooth  engine  operation. 

Valuable  to  students,  motorists,  mechanics,  repairmen,  garagemen.  automobile  sales- 
men, chauffeurs,  motorboat  owners,  motor-truck  and  tractor  drivers,  aviators,  motor- 
cyclists, and  all  others  who  have  to  do  with  gasoline  power  plants. 
It  simplifies  location  of  all  engine  troubles,  and  while  it  will  prove  invaluable  to  the 
novice,  it  can  be  used  to  advantage  by  the  more  expert.  It  should  be  on  the  walls  of 
everv  public  and  private  garage,  automobile  repair  shop,  clubhouse  or  school.  It  can 
be  carried  in  the  automobile  or  pocket  with  ease,  and  will  insure  against  loss  of  time 
when  engine  trouble  manifests  itself. 

This  sectional  view  of  engine  is  a  complete  review  of  all  motor  troubles.  It  is  prepared 
by  a  practical  motorist  for  all  who  motor.  More  Information  for  the  money  than  ever 
before  offered.  No  details  omitted.  Size  25x38  Inches.  Securely  mailed  on  receipt 
of  85  eenti 
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CHART.   LOCATION  OF  FORD  ENGINE  TROUBLES  MADE  EASY.  Com- 

piled  by  Victor  W.  Pag£,  M.E. 

This  shows  clear  sectional  views  depicting  all  portions  of  the  Ford  power  plant  and 
auxiliary  groups.  It  outlines  clearly  all  parts  of  the  engine,  fuel  supply  system,  igni- 
tion group  and  cooling  system,  that  are  apt  to  give  trouble,  detailing  sill  derangements 
that  are  liable  to  make  an  engine  lose  power,  start  hard  or  work  irregularly.  This 
chart  is  valuable  to  students,  owners,  and  drivers,  as  it  simplifies  location  of  all  engine 
faults.  Of  groat  advantage  as  an  instructor  for  the  novice,  it  can  be  used  equally  well 
by  the  more  expert  as  a  work  of  reference  and  review.  It  can  be  carried  in  the  tool- 
box or  pocket  with  ease  and  will  save  its  cost  in  labor  eliminated  the  first  time  engine 
trouble  manifests  itself.  Prepared  with  special  reference  to  the  average  man's  needs 
and  is  a  practical  review  of  all  motor  troubles  because  it  is  based  on  the  actual  ex- 
perience of  an  automobile  engineer-mechanic  with  the  mechanism  the  chart  describes. 
It  enables  the  non-technical  owner  or  operator  of  a  Ford  car  to  locate  engine  de- 
rangements by  systematic  search,  guided  by  easily  recognized  symptoms  instead  of  by 
guesswork.  It  makes  the  average  owner  independent  of  the  roadside  repair  shop 
when  touring.    Must  be  seen  to  be  appreciated.     Size  25x38  inches..   Printed  on 


CHART.   LUBRICATION  OF  THE  MOTOR  CAR  CHASSIS.    Compiled  by  ] 
Victor  W.  Pag£,  M  .E. 

This  chart  presents  the  plan  view  of  a  typical  six-cylinder  chassis  of  standard  design 
and  all  parts  are  clearly  indicated  that  demand  oil,  also  the  frequency  with  which  they 
must  be  lubricated  and  the  kind  of  oil  to  use.    A  practical  chart  for  all  interested  in 


CHART.   LOCATION  OF  CARBURETION  TROUBLES  MADE  EASY.  Com. ! 
piled  by  Victor  W.  Page,  M.E. 

This  chart  shows  all  parts  of  a  typical  pressure  feed  fuel  supply  system  and  gives 
causes  of  trouble,  how  to  locate  defects  and  means  of  remedying  them.    Size  24x38 


CHART.   LOCATION  OF  IGNITION  SYSTEM  TROUBLES  MADE  EASY.> 

Compiled  by  Victor  W.  Page,  M.E. 

In  this  diagram  all  parts  of  a  typical  double  ignition  system  using  battery  and  magneto 
current  are  shown,  and  suggestions  are  given  for  readily  finding  ignition  troubles  and 
eliminating  them  when  found.    Size  24x38  inches.    Price  86  cents 


CHART.   LOCATION  OF  COOLING  AND  LUBRICATION  SYSTEM  FAULTS. 

Compiled  by  Victor  W.  Page,  M.E. 


! 


This  composite  diagram  shows  a  typical  automobile  power  plant  using  pump  circulated 
water-cooling  system  and  the  most  popular  lubrication  method.  Gives  suggestions 
for  curing  all  overheating  and  loss  of  power  faults  due  to  faulty  action  of  the  oiling 
up.    Size  24x38  inches.  Price  85  cents 


CHART.    LOCATION  OF  STARTING  AND  LIGHTING  SYSTEM  FAULTS. 

The  most  complete  chart  yet  devised,  showing  all  parts  of  the  modern  automobile 
starting,  lighting  and  ignition  systems,  giving  instructions  for  systematic  location  of 
all  faults  in  wiring,  lamps,  motor  or  generator,  switches  and  all  other  units.  Invalu- 
able to  motorists,  chauffeurs  and  repairmen.    Size  24x38  inches.    Price    .    86  cents 


CHART.    MOTORCYCLE  TROUBLES  MADE  EASY.   Compiled  by  Victor 
W.  Page,  M.E. 

A  chart  showing  sectional  view  of  a  single-cylinder  gasoline  engine.  This  chart 
simplifies  location  of  all  power-plant  troubles.  A  single-cylinder  motor  is  shown  for 
simplicity.  It  outlines  distinctly  all  parts  liable  to  give  trouble  and  also  details  the 
derangements  apt  to  interfere  with  smooth  engine  operation.  This  chart  will  prove 
of  value  to  all  who  have  to  do  with  the  operation,  repair  or  sale  of  motorcycles.  No 
Size  30x20  inches.    Price  86  cents 
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AVIATION 

A  B  C  OF  AVIATION.   By  Major  Victor  W.  Page. 

This  hook  describes  the  basic  principles  of  aviation,  tells  how  a  balloon  or  dirigible 
is  made  and  why  it  floats  in  the  air.  Describes  how  an  airplane  flies.  It  shows  in 
detail  the  different  parts  of  an  airplane,  what  they  are  and  what  they  do.  Describes 
all  types  of  airplanes  and  how  they  differ  In  construction;  as  well  as  detailing  tbe 
advantages  and  disadvantages  of  different  types  of  aircraft.  It  includes  a  complete 
dictionary  of  aviation  terms  and  clear  drawings  of  leading  airplanes.  The 


find  simple  Instructions  for  unpacking,  setting  up._  and^nggin|  airplanes.  A 


full  description  of  airplane  control  principles  is  given  and  methods  of  flying  are  dis- 
cussed at  length. 


This  book  answers  every  question  one  can  ask  about  modern  aircraft,  their 
struction  and  oi>eration.    A  self-educator  on  aviation  without  an  equal.    275  pages 
A130  specially  made  illustrations  with  7  plates.    Price  $2-50 

AVIATION  ENGINES — DESIGN ;  CONSTRUCTION;  REPAIR.   By  Major 
\Victor  W.  Page,  A.S.,  S.C.U.S.R. 

This  treatise,  written  by  a  recognized  authority  on  all  of  the  practical  aspects  of 
internal  combustion  engine  construction,  maintenance,  and  repair,  fills  the  need  as 
no  other  book  does.    The  matter  is  logically  arranged;  all  descriptive  matter  is 
simply  expressed  and  copiously  illustrated,  so  that  anyone  can  understand  airplane 
engine  operation  and  repair  even  if  without  previous  mechanical  training.  This 
work  is  invaluable  for  anyone  desiring  to  become  an  aviator  or  aviation  mechanic 
The  latest  rotary  types,  such  as  the  Gnome  Monosoupape.  and  LeRhone,  are  fully 
explained,  as  well  as  the  recently  developed  Vee  and  radial  types.    The  subjects 
of  carburetion.  ignition,  cooling,  and  lubrication  also  are  covered  in  a  thorough  manner 
The  chapters  on  repair  and  maintenance  are  distinctive  and  found  in  no  other  book 
on  this  subject.    Not  a  technical  book,  but  a  practical,  easily  understood  work  of 
reference  for  all  Interested  in  aeronautical  science.    576  pages.    253  illustrations 
Price,  net  $3.00 

GLOSSARY  OF  AVIATION  TERMS  — ENGLISH-FRENCH;  FRENCH- 
ENGLISH.  By  Major  Victor  W.  Page,  A.S.,  S.C.U.S.R.,  and  Lieut. 
Paul  Montariol,  of  the  French  Flying  Corps. 

A  complete  glossary  of  practically  all  terms  used  in  aviation,  having  lists  In  both 
French  and  English  with  equivalents  in  either  language.      Price.net.    .  $1.00 


AVIATION  CHART— LOCATION  OF  AIRPLANE  POWER  PLANT  TROUBLES 
MADE  EASY.   By  Major  Victor  W.  Page,  A.S.,  S.C.U.S.R. 

A  large  chart  outlining  all  parts  of  a  typical  airplane  power  plant,  showing  the  points 
where  trouble  is  apt  to  occur  and  suggesting  remedies  for  the  common  defects.  In- 
tended especially  for  aviators  and  aviation  mechanics  on  .school  and  field  dun 
Price  85 

BRAZING  AND  SOLDERING 


BRAZING  AND  SOLDERING.   By  James  F.  Hobart. 

The  only  book  that  shows  you  just  how  to  handle  any  job  of  brazing  or  soldering  that 
comes  along;  It  tells  you  what  mixture  to  use.  how  to  make  a  furnace  if  you  need  one. 
Full  of  valuable  kinks.  The  fifth  edition  of  this  book  has  just  been  published,  and  to 
it  much  new  matter  and  a  large  number  of  tested  formula?  for  all  kinds  of  solders  and 
fluxes  have  been  added.    Illustrated  85  cent* 
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CHARTS 

AVIATION  CHART— LOCATION  OF  AIRPLANE  POWER  PLANT  TROUBLES 
MADE  EASY.    By  Major  Victor  W.  Pag6,  A.S.,  S.C.U.S.R. 


A  large  chart  outlining  all  parts  of  a  typical  airplane  power  plant,  showing  the  points 

for  the  common  defects. 


where  trouble  is  apt  to  occur  and  suggesting  remedies  for  the  common  defects 
Intended  especially  for  aviators  and  aviation  mechanics  on  school  and  field  dutj 


GASOLINE  ENGINE  TROUBLES  MADE  EASY— A  CHART  SHOWING  SEC- 
TIONAL VIEW  OF  GASOLINE  ENGINE.   Compiled  by  Victor  VV.  Pao£. 

It  shows  clearly  all  parts  of  a  typical  four-cylinder  gasoline  engine  of  the  four-cycle 
type.  It  outlines  distinctly  all  parts  liable  to  give  trouble  and  also  details  the  de- 
rangements apt  to  interfere  with  smooth  engine  operation. 

Valuable  to  students,  motorists,  mechanics,  repairmen,  garagemen.  automobile  sales- 
men, chauffeurs,  motor-boat  owners,  motor-truck  and  tractor  drivers,  aviators,  motor- 
cyclists, and  all  others  who  have  to  do  with  gasoline  power  plants. 
It  simplifies  location  of  all  engine  troubles,  and  while  it  will  prove  invaluable  to  the 
novice,  it  can  be  used  to  advantage  by  the  more  expert.  It  should  be  on  the  walls  of 
every  public  and  private  garage,  automobile  repair  shop,  club  house  or  school.  It  can 
be  carried  in  the  automobilo  or  pocket  with  ease  and  will  insure  against  loss  of  time 
when  engine  trouble  manifests  itself. 

This  sectional  view  of  engine  is  a  complete  review  of  all  motor  troubles.  It  is  pre- 
pared by  a  practical  motorist  for  all  who  motor.  No  details  omitted.  Size  25x38 
inches.  35  cents 


LUBRICATION  OF  THE  MOTOR  CAR  CHASSIS. 

This  chart  presents  the  plan  view  of  a  typical  six-cylinder  chassis  of  standard  design 
and  all  parts  are  clearly  indicated  that  demand  oil,  also  the  frequency  with  which  they 
must  be  lubricated  and  the  kind  of  oil  to  use.  A  practical  chart  for  all  interested  in 
motor-car  maintenance.    Size  24x38  inches.    Price  35  cents 

LOCATION  OF  CARBURETION  TROUBLES  MADE  EASY. 

This  chart  shows  all  parts  of  a  gglcal  pressure  feed  fuel  supply  system  and  gives 


of  trouble,  how  to  locate  defects  and  means  of  remedying  them.    Size  24x38 
inches.  Price  35  cents 

LOCATION  OF  IGNITION  SYSTEM  TROUBLES  MADE  EASY. 

In  this  chart  all  parts  of  a  typical  double  ignition  system  using  battery  and  magneto 
current  are  shown  and  suggestions  are  given  for  readily  finding  ignition  troubles  and 
eliminating  them  when  found.    Size  24x38  inches.    Price  35  cents 


LOCATION  OF  COOLING  AND  LUBRICATION  SYSTEM  FAULTS. 

This  composite  chart  shows  a  typical  automobile  power  plant  using  pump  circulated 
water-cooling  system  and  the  most  popular  lubrication  method.  Gives  suggestions 
for  curing  all  overheating  and  loss  of  power  faults  due  to  faulty  action  of  the  oiling  or 
cooling  group.    Size  24x38  inches.    Price  35  cents 

LOCATION  OF  STARTING  AND  LIGHTING  SYSTEM  FAULTS. 

The  most  complete  chart  yet  devised,  showing  all  parts  of  the  modern  automobile 
starting,  lighting  and  ignition  systems,  giving  instructions  for  systematic  location  of 
all  faults  in  wiring,  lamps,  motor  or  generator,  switches  and  all  other  units.  Invaluablo 
to  motorists,  chauffeurs  and  repairmen.    Size  24x38  inches.    Price    .    .    35  cents 


MOTORCYCLE  TROUBLES  MADE  EASY— A  CHART  SHOWING  SEC- 
TIONAL VIEW  OF  SINGLE-CYLINDER  GASOLINE  ENGINE.  Compiled 
by  Victor  W.  Faq&. 

This  chart  simplifies  location  of  all  power-plant  troubles,  and  will  prove  invaluable  to 
all  who  have  to  do  with  the  operation,  repair  or  sale  of  motorcycles.    No  details 
Size  25x38  inches.    Price  36  cents 
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LOCATION  OF  FORD  ENGINE  TROUBLES  MADE  EASY.   Compiled  by 
Victor  W.  Pag£,  M.E. 

This  shows  clear  sectional  views  depicting  all  portions  of  the  Ford  power  plant  and 
auxiliary  groups.  It  outlines  clearly  all  parts  of  the  engine,  fuel  supply  system. 
Ignition  group  and  cooling  system,  that  are  apt  to  give  trouble,  detailing  all  derange- 
ments that  arc  liable  to  make  an  engine  lose  power,  start  hard  or  work  irregularly.  This 
chart  is  valuable  to  students,  owners,  and  drivers,  as  it  simplifies  location  of  ail  engine 
faults.  Of  great  advantage  as  an  instructor  for  the  novice.  It  can  be  used  equally  well 
by  the  more  exF>ert  as  a  work  of  reference  and  review.  It  can  bo  carried  in  the  tool- 
box or  pocket  with  ease  and  will  save  its  cost  In  labor  eliminated  the  first  time  engine 
trouble  manifests  itself.  Prepared  with  special  reference  to  the  average  man's  needs 
and  is  a  practical  review  of  all  motor  troubles  because  it  is  based  on  the  actual  ex- 
perience of  an  automobile  engineer-mechanic  with  the  mechanism  the  chart  describes, 
it  enables  the  non-technical  owner  or  operator  of  a  Ford  car  to  locate  engine  de- 
rangements by  systematic  search,  guided  by  easily  recognized  symptoms  instead  of  by 
guesswork.  It  makes  the  average  owner  independent  of  the  roadside  repair  shop 
when  touring.  Must  be  seen  to  bo  appreciated.  Size  25x38  inches.  Printed  on  heavy 
bond  pajH-r.    Price  86  cents 

MODERN  SUBMARINE  CHART  — WITH  200  PARTS  NUMBERED  AND 
NAMED. 

A  cross-section  view,  showing  clearly  and  distinctly  all  the  interior  of  a  Submarine  of 
the  latest  type.  You  get  more  information  from  this  chart,  about  the  construction  and 
operation  of  a  Submarine,  than  in  any  other  way.  No  details  omitted— everything 
is  accurate  and  to  scale.  It  is  absolutely  correct  in  every  detail,  having  been  approved 
by  Naval  Engineers.  All  the  machinery  and  devices  fitted  in  a  modern  Submarine 
Boat  are  shown,  and  to  make  the  engraving  more  readily  understood,  all  the  features 
are  shown  in  operative  form,  with  Officers  and  Men  in  the  act  of  performing  the  duties 
assigned  to  them  in  service  conditions.  This  CHART  IS  REALLY  AN  ENCYCLO- 
PEDIA OF  A  SUBMARINE  25  cents 

BOX  CAR  CHART. 

A  chart  showing  the  anatomy  of  a  box'car,  having  every  part  of  the  car  numbered  and 
its  proper  name  given  in  a  reference  list  85  cents 

GONDOLA  CAR  CHART. 

A  chart  showing  the  anatomy  of  a  gondola  car,  having  every  part  of  the  car  numbered 
and  its  proper  reference  name  given  in  a  reference  list  85  eents 

PASSENGER-CAR  CHART. 

A  chart  showing  the  anatomy  of  a  nassengor-car.  having  every  part  of  the  car  numbered 
and  its  proper  name  given  in  a  reference  list  25  cents 

STEEL  HOPPER  BOTTOM  COAL  CAR. 

A  chart  showing  the  anatomy  of  a  steel  Hopper  Bottom  Coal  Car,  having  every  part 
of  the  car  numbered  and  its  proper  name  given  in  a  reference  list  25  cents 

TRACTIVE  POWER  CHART. 

A  chart  whereby  you  can  find  the  tractive  power  or  drawbar  pull  of  any  locomotive 
without  making  a  figure.  Shows  what  cylinders  are  equal,  how  driving  wheels  and 
steam  pressure  affect  the  power.  What  sized  engine  you  need  to  exert  a  given  drawbar 
pull  or  anything  you  desire  in  this  Line  50  cents 

HORSE-POWER  CHART 

Shows  the  horse-power  of  any  stationary  engine  without  calculation.  No  matter  what 
the  cylinder  diameter  of  stroke,  the  steam  pressure  of  cut-off.  the  revolutions,  or 
whether  condensing  or  non-condensing,  it's  all  there.  Easy  to  use,  accurate,  and 
saves  time  and  calculations.    Especially  useful  to  engineers  and  designers.    50  centt 
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BOILER  ROOM  CHART.    By  Geo.  L.  Fowler. 

A  chart— «ize  14x28  inches — showing  in  isometric  perspective  the  mechanisms  be- 
longing in  a  modern  boiler  room.  The  various  parts  are  shown  broken  or  removed, 
so  that  the  internal  construction  is  fully  illustrated.  Each  part  is  Riven  a  reference 
number,  and  these,  with  the  corresponding  name,  are  given  in  a  glossary  printed  at 
the  sides.  This  chart  is  really  a  dictionary  of  the  boiler  room — the  names  of  more  than 
200  parts  being  given  26  cents 

COKE 

COKE— MODERN   COKING   PRACTICE,   INCLUDING   ANALYSIS  OF 

MATERIALS  AND  PRODUCTS.    By  J.  E.  Christopher  and  T.  H.  Byrom. 

This,  the  standard  work  on  the  subject,  has  just  been  revised  and  is  now  issued  in 
two  volumes.  It  is  a  practical  work  for  those  engaged  in  Coke  manufacture  and 
the  recovery  of  By-products.  Fully  illustrated  with  folding  plates.  It  has  been 
the  aim  of  the  authors,  in  preparing  this  book,  to  produce  one  which  shall  be  of  use 
and  benefit  to  those  who  are  associated  with,  or  interested  in,  the  modern  develop- 
ments of  the  industry.  Among  the  chapters  contained  in  Volume  I  are:  Introduc- 
tion. Classification  of  Fuels.  Impurities  of  Coals.  Coal  Washing.  Sampling 
and  Valuation  of  Coals,  etc.  Chloriflc  Power  of  Fuels.  History  of  Coke  Manu- 
facture. Developments  in  Coke  Oven  Design;  Recent  Types  of  Coke  Ovens. 
Mechanical  Appliances  at  Coke  Ovens.  Chemical  and  Physical  Examination  of 
Coke.  Volume  II  covers  By-products.  Each  volume  is  fully  Illustrated,  with 
folding  plates.    Price,  per  volume  98.00 

COMPRESSED  AIR 

COMPRESSED  AIR  IN  ALL  ITS  APPLICATIONS.   By  Gardner  D.  Hiscox/ 

This  is  the  most  complete  book  on  the  subject  of  Air  that  has  ever  been  issued,  and  Its 
thirty-five  chapters  include  about  every  phase  of  the  subject  one  can  think  of.  It  may 
be  called  an  encyclopedia  of  compressed  air.  It  is  written  by  an  expert,  who.  in  Its 
665  pages,  has  dealt  with  the  subject  in  a  comprehensive  manner,  no  phase  of  it  being 
omitted.  Includes  the  physical  prop  erties  of  air  from  a  vacuum  to  its  highest  pressure, 
its  thermodynamics,  compression,  transmission  and  uses  as  a  motive  power,  in  the 
Operation  of  Stationary  and  Portable  Machinery,  in  Mining,  Air  Tools,  Air  Lifts, 
Pumping  of  Water.  Acids,  and  Oils:  the  Air  Blast  for  Cleaning  and  Painting,  the 
Sand  Blast  and  its  Work,  and  the  Numerous  Appliances  in  which  Compressed  Air  is 
a  Most  Convenient  and  Economical  Transmitter  of  Power  for  Mechanical  Work. 
Railway  Propulsion.  Refrigeration,  and  the  Various  Uses  to  which  Compressed  Ah* 
has  been  applied.  Includes  forty-four  tables  of  the  physical  properties  of  air,  its 
compression,  expansion,  and  volumes  required  for  various  kinds  of  vork,  and  a  list 
of  patents  on  compressed  air  from  1875  to  date.  Over  500  illustrations,  5th  Edition, 
revised  and  enlarged.   Cloth  bound.    Price  $6.00 

.  CONCRETE 

JUST  PUBLISHED— CONCRETE  WORKERS'  REFERENCE  BOOKS.  A 

SERIES    OF    POPULAR    HANDBOOKS    FOR    CONCRETE  USERS. 

Prepared  by  A.  A.  Houghton  Each  60  cents 

The  author,  in  preparing  this  Series,  has  not  only  treated  on  the  usual  types  of  construction, 
but  explains  and  illustrates  molds  and  systems  that  are  not  patented,  out  which  are  equal 
in  value  and  often  superior  to  those  restricted  by  patents.  These  molds  are  very  easily  and 
cheaply  constructed  and  embody  simplicity .  rapidity  of  operation,  and  the  most  successful 
results  in  the  molded  concrete.  Each  of  these  Twelve  books  is  fully  illustrated,  and  the 
subjects  are  exhaustively  treated  in  plain  English. 

CONCRETE  WALL  FORMS.   By  A.  A.  Houghton. 

A  new  automatic  wall  clamp  is  illustrated  with  working  drawings.    Other  types  of 

wall  forms,  clamps,  separators,  etc..  are  also  illustrated  and  explained. 

(No.  1  of  Series)  75  cents 
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CONCRETE  FLOORS  AND  SIDEWALKS.    By  A.  A.  Houghton. 

The  molds  for  molding  squares,  hexagonal  and  many  other  styles  of  mosaic  floor  and 
sidewalk  blocks  are  fully  illustraUxl  and  explained.    (No.  2  of  Series)    .    .    76  cents 

PRACTICAL  CONCRETE  SILO  CONSTRUCTION.    By  A.  A.  Houghton. 

Complete  working  drawings  and  specifications  are  given  for  several  styles  of  concrete 
silos,  with  illustrations  of  molds  for  monolithic  and  block  silos.  The  tables,  data,  and 
information  presented  in  this  book  are  of  the  utmost  valuejin  planning  and  constructing 
all  forms  of  concrete  silos.    (No.  3  of  Series)  76  cents 

MOLDING  CONCRETE  CHIMNEYS,  SLATE  AND  ROOF  TILES.   By  A.  A. 

Houghton. 

The  manufacture  of  a'l  types  of  concrete  slate  and  roof  tile  is  fully  treated.  Valuable 
data  on  all  forms  of  reinforced  concrete  roofs  are  contained  within  its  pages.  The 
construction  of  concrete  chimneys  by  block  and  monolithic  systems  is  fully  illustrated 
and  described.  A  number  of  ornamental  designs  of  chimney  construction  with  molds 
are  shown  in  this  valuable  treatise.    (No.  4  of  Series.)  76  cents 

MOLDING  AND  CURING  ORNAMENTAL  CONCRETE.  By  A.  A.  Houghton. 

'  The  proper  proportions  of  cement  and  aggregates  for  various  finishes,  also  the  method 
of  thoroughly  mixing  and  placing  in  the  molds,  are  fully  treated.    An  exhaustive 
treatise  on  this  subject  that  every  concrete  worker  will  And  of  dally  use  and  value 
(No.  5  of  Series.)  76  cents 

CONCRETE  MONUMENTS,  MAUSOLEUMS  AND  BURIAL  VAULTS.  By 

A.  A.  Houghton. 


The  molding  of  concrete  monuments  to  imitate  the  most  expensive  cut  stone  is  ex- 
plained in  this  treatise,  with  working  drawings  of  easily  built  molds.  Cutting  in- 
scriptions and  designs  are  also  fully  treated.    (No.  6  of  Series.)      ...    76  cents 


MOLDING  CONCRETE  BATHTUBS,  AQUARIUMS  AND  NATATORIUMS. 

By  A.  A.  Houghton. 


Simple  molds  and  instruction  are  given  for  molding  many  styles  of  concrete  bathtuhs 
swimming-pools,  etc.  These  molds  are  easily  built  and  permit  rapid  and  successful 
work.    (No.  7  of  Series.)  76  cents 

CONCRETE  BRIDGES,  CULVERTS  AND  SEWERS.   By  A.  A.  Houghton. 

A  number  of  ornamental  concrete  bridges  with  illustrations  of  molds  are  given.  A 
collapsible  center  or  core  for  bridges,  culverts  and  sewers  is  fully  illustrated  with  de- 
tailed instructions  for  building.    (No.  8  of  Series.)  76  cents 

CONSTRUCTING  CONCRETE  PORCHES.   By  A.  A.  Houghton. 

A  number  of  designs  with  working  drawings  of  molds  are  fully  explained  so  any  one 
can  easily  construct  different  styles  of  ornamental  concrete  porches  without  the  pur- 
chase of  expensive  molds.    (No.  0  of  Series.)  76  cents 

MOLDING  CONCRETE  FLOWER-POTS,  BOXES,  JARDINIERES,  ETC. 

By  A.  A.  Houghton. 

The  molds  for  producing  many  original  designs  of  flower-pots,  urns,  flower-boxes, 
jardinieres,  etc..  are  fully  Illustrated  and  explained,  so  the  worker  can  easily  construct 
and  operate  same.    (No.  10  of  Series.)  76  cents 

MOLDING  CONCRETE  FOUNTAINS  AND  LAWN  ORNAMENTS.   By  L 

A.  Houghton. 

The  molding  of  a  number  of  designs  of  lawn  seats,  curbing,  hitching  posts,  pergolas,  sun 
dials  and  other  forms  of  ornamental  concrete  for  the  ornamentation  of  lawns  and  gar- 
dens, is  fully  illustrated  and  described.    (No.  1 1  of  Series)  76  cents 

CONCRETE  FROM  SAND  MOLDS.   By  A.  A.  Houghton. 

A  Practical  Work  treating  on  a  process  which  has  heretofore  been  held  as  a  trade  secret 
by  the  few  who  possessed  it.  and  which  will  successfully  mold  every  and  any  class  of 
ital  concrete  work.    The  process  of  molding  concrete  with  sand  molds  is  of 
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the  utmost  practical  value,  possessing  the  manifold  advantages  of  a  low  cost  of  molds, 
the  ease  and  rapidity  of  operation,  perfect  details  to  all  ornamental  designs,  density 
and  increased  strength  of  the  concrete,  perfect  curing  of  the  work  without  attention 
and  the  easy  removal  of  the  molds  regardless  of  any  undercutting  the  design  may  have. 
192  pages.    Fully  illustrated.   Price  $a.OO 


ORNAMENTAL  CONCRETE  WITHOUT  MOLDS.    By  A.  A.  Houghton. 

The  process  for  making  ornamental  concrete  without  molds  has  Ions  been  held  as  a 
secret,  and  now.  for  the  first  time,  this  process  is  given  to  the  public.  The  book 
reveals  the  secret  and  is  the  only  book  published  which  explains  a  simple,  practical 
method  whereby  the  concrete  worker  is  enabled,  by  employing  wood  and  metal  tem- 
plates of  different  designs,  to  mold  or  model  in  concrete  any  Cornice.  Arc  hi  volt. 
Column.  Pedestal.  Base  Cap.  Urn  or  Pier  in  a  monolithic  form — right  upon  the  Job. 
These  may  be  molded  in  units  or  blocks,  and  then  built  up  to  suit  the  specifications 
demanded.    This  work  is  fully  Illustrated,  with  detailed  engravings.    Price  .  $2.00 

CONCRETE  FOR  THE  FARM  AND  IN  THE  SHOP.    By  H.  Colin 
Campbell,  C.E.,  E.M. 

"Concrete  for  the  Farm  and  in  the' Shop"  Is  a  new  book  from  cover  to  cover,  illustrat- 
ing and  describing  in  plain,  simple  language  many  of  tho  numerous  applications  of 
concrete  within  tho  range  of  the  home  worker.   Among  the  subjects  treated  are: 

Principles  of  reinforcing ;  methods  of  protecting  concrete  so  as  to  insure  proper  harden- 
ng:  home-made  mixers;  mixing  by  hand  and  machine;  form  construction,  described 
and  illustrated  by  drawings  and  photographs;  construction  of  concrete  walls  and 
fences;  concrete  fence  posts;  concrete  gate  posts;  corner  posts;  clothes  line  posts; 
grape  arbor  posts;  tanks;  troughs;  cisterns;  hog  wallows:  feeding  floors  and  Darn- 
yard  pavements ;  foundations ;  well  curbs  and  platforms ;  Indoor  floors ;  sidewalks ;  steps ; 
concrete  hotbeds  and  cold  frames:  concrete  slab  roofs;  walls  for  buildings:  repairing 
leaks  in  tanks  and  cisterns;  and  all  topics  associated  with  these  subjects  as  bearing 
upon  securing  the  best  results  from  concrete  are  dwelt  upon  at  sufficient  length  in  plain 
every-day  English  so  that  the  Inexperienced  person  desiring  to  undertake  a  piece  of 
concrete  construction  can.  by  following  the  directions  set  forth  in  this  book,  secure  100 
per  cent  success  every  time.  A  number  of  convenient  and  practical  tables  for  estimating 
quantities,  and  some  practical  examples,  are  also  given.  (5x7).  149  pages,  51  il- 
lustrations.  Price  $1.00 

POPULAR  HANDBOOK  FOR  CEMENT  AND  CONCRETE  USERS.  By 

Myron  II .  Lewis. 

This  is  a  concise  treatise  of  the  principles  and  methods  employed  in  tho  manufacture 
•  and  use  of  cement  in  all  class«>s  of  modern  works.  The  author  has  brought  together 
In  this  work  all  the  salient  matter  of  interest  to  the  user  of  concrete  and  its  many 
diversified  products.  The  matter  is  presented  in  logical  and  systematic  order,  clearly 
written,  fully  illustrated  and  free  from  involved  mathematics.  Everything  of  value  to 
the  concrete  user  is  given,  including  kinds  of  cement  employed  In  construction,  concrete 
architecture,  inspection  and  testing,  waterproofing,  coloring  and  painting,  rules,  tables, 
working  and  cost  data.    Tho  book  comprises  thirty-three  chapters,  as  follows: 

Introductory.  Kinds  of  Cements  and  How  They  are  Made.  Properties.  Testing 
and  Requirements  of  Hydraulic  Cement.  Concrete  and  its  Properties.  Sand.  Broken 
Stone  awl  CJravo  for  Concrete.  How  to  Proportion  tho  Materials.  How  to  Mix 
and  Place  Concrete.  Forms  of  Concrete  Construction.  The  Architectural  and  Artistic 
Possibilities  of  Concrete.  Concrete  Residences.  Mortars.  Plasters  and  Stucco,  and 
now  to  r«o  them.  The  Artistic  Treatment  of  Concrete  Surfaces.  Concrete  Building 
Blocks  The  Making  of  Ornamental  Concrete.  Concrete  Pipes.  Fences.  Posts,  etc. 
Essential  Features  and  Advantages  of  R  eon  forced  Concrete.  How  to  Design  Roen- 
foroed  Concrete  Beams.  Slabs  and  Columns.  Explanations  of  the  Methods  and 
Principles  In  Designing  Reenforced  Concrete  Beams  and  Slabs.  Systems  of  Rein- 
forcement Emploved.  Reenforced  Concrete  In  Factory  and  General  Building  Con- 
struction. Concrete  In  Foundation  Work.  Concrete  Retaining  Walls.  Abutments 
and  Bulkheads.  Concrete  Arches  and  Arch  Bridges.  Concrete  Beam  and  Girder 
Bridges  Concrete  In  Sewerage  and  Drainage  Works.  Concrete  Tanks.  Dams  and 
Reservoirs.  Concrete  Sidewalks.  Curhs  and  Pavements.  Concrete  in  Railroad  Con- 
structions. The  rtlllty  of  Concrete  on  the  Farm.  The  Waterproofing  of  Concrete 
Structure.  Grout  of  Liquid  Concrete  and  Its  Use.  Inspection  of  Concrete  Work.  Cost 
of  Concrete  Work.  Some  of  the  special  features  of  the  book  are:  1.  The  Attention 
Paid  to  the  Artistic  and  Architectural  Side  of  Concrete  Work.    2.  The  Authoritative 
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Treatment  of  the  Problem  of  Waterproofing  Concrete.  3.  An  Excellent  Summary  of 
the  Rules  to  be  Followed  in  Concrete  Construction.  4.  The  Valuable  Cost  Data  and 
Useful  Tables  given.  A  valuable  Addition  to  the  Library  of  Every  Cement  and 
Concrete  User.    Price  $8.00 

WHAT  IS  SAID  OP  THIS  BOOK: 

"  The  field  of  Concrete  Construction  is  well  covered  and  the  matter  contained  is  well 
within  the  understanding  of  any  person." — Enaineering~Contr  acting. 
"Should  be  on  the  bookshelves  of  every  contractor,  engineer,  and  architect  in  tbe 
land.*—  National  Builder. 

WATERPROOFING  CONCRETE.    By  Myron  H.  Lewis. 

Modern  Methods  of  Waterproofing  Concrete  and  Other  Structures.  A  condensed 
statement  of  the  Principles.  Kules.  and  Precautions  to  be  Observed  in  Waterproofing 
and  Dampproollng  Structures  and  Structural  Materials.  Paper  binding.  Illustrated. 
Price  75  centi 

DICTIONARIES 


STANDARD  ELECTRICAL  DICTIONARY.    By  T.  OConor  Sloane. 

An  indispensable  work  to  all  interested  in  electrical  science.  Suitable  alike  for  the 
student  and  professional.  A  practical  handlxxik  of  reference  containing  definitions  of 
alxmt  5(MN)  distinct  words,  terms  and  phrases.  The  definitions  are  terse  and  concise 
and  Include  every  term  used  in  electrical  science.  Recently  issued.  An  entirely  new 
edition.  Should  be  in  the  f>osst*«iou  of  all  who  desire  to  keep  abreast  with  the  prof 
of  t  his  branch  of  science.  Complete,  concise  and  convenient.  Nearly  SOU  pages.  Ne 
500  illustrations.    1890  Revised  and  Enlarged  Edition.    Price  ... 

AVIATION  TERMS— ENGLISH-FRENCH;  FRENCH-ENGLISH.  By  Major 
Victor  W.  Pao4,  A  S.,  S.C.IX.S.R.,  and  Lieut.  Paul  Montariol  of  the 
French  Flying  Corps. 

A  complete  glossary  of  practically  all  terms  used  in  aviation,  having  lists  in  both 
French  and  English  with  equivalents  in  either  language.  Include  all  words  in 
common  use.  A  complete,  well  illustrated  volume  intended  to  facilitate  conversa- 
tion between  English-speaking  and  French  aviators.  The  lists  are  confined  to  essen- 
tials, and  special  folding  plates  are  included  to  show  all  important  airplane  parts. 
The  lists  are  divided  into  four  sections:  1.  Flying  Field  Terms.  2.  The  Airplane. 
3.  The  Engine.  4.  Tools  and  Shop  Terms.  Should  be  in  every  aviator's  and 
mechanic's  kit.    Price     .    .  $1.00 

DIES— METAL  WORK 

DIES:  THEIR  CONSTRUCTION  AND  USE  FOR  THE  MODERN  WORKING 
OF  SHEET  METALS.    By  J.  V  Woodworth. 

A  most  useful  book,  and  one  which  should  be  in  the  hands  of  all  engaged  in  the  proa 
working  of  metals:  treating  on  the  Designing.  Constructing,  and  Use  of  Tools.  Fixtures 
and  Devices,  together  with  the  manner  in  which  they  should  be  used  in  the  Power 
Press,  for  the  cheap  and  rapid  production  of  the  great  variety  of  sheet-metal  'articles 
now  in  use.  It  Is  designed  as  a  guide  to  the  production  of  sheet-metal  parts  at  the 
minimum  of  cost  with  the  maximum  of  output.  The  hardening  and  tempering  of 
Press  tools  and  the  classes  of  work  which  may  be  produced  to  the  best  advantage  by 
the  use  of  dies  in  the  power  press  are  fully  treated.  Its  50.5  Illustrations  show  dies 
press  fixtures  a^d  sheet-metal  working  devices,  the  descriptions  of  which  are  so  clear  and 
practical  that  all  metal-working  mechanics  will  be  able  to  understand  how  to  design, 
construct  and  use  them.  Many  of  the  dies  and  press  fixtures  treated  were  either 
constructed  by  the  author  or  tinder  his  supervision.  Others  were  built  by  skilful 
mechanics  and  are  in  use  in  large  sheet-metal  establishments  and  machine  shops. 
6th  Edition.    Price  1  i8i0 
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PUNCHES,  DEES  AND  TOOLS  FOR  MANUFACTURING  IN  PRESSES.  By 

J.  V.  WOODWORTH. 

This  work  Is  a  companion  volume  to  the  author's  elementary  work  entitled  "Dies,  Their 
Construction  and  Use."  It  does  not  go  into  the  details  of  die-making  to  the  extent  of 
the  author's  previous  book,  but  gives  a  comprehensive  review  of  the  field  of  operations 
carried  on  by  presses.  A  largo  part  of  the  information  given  has  been  drawn  from  the 
author's  personal  experience.  It  might  well  be  termed  an  Encyclopedia  of  Die-Making, 
Punch-ivfaking.  Die-Sinking.  Sheet-Metal  Working,  and  Making  of  Special  Tools,  Sub- 
lending.  Form- 
,  and  also  Arti- 
$4.50 

DROP  FORGING,  DIE-SINKING  AND  MACHINE-FORMING  OF  STEEL. 

By  J.  V.  Woodworth. 


This  Is  a  practical  treatise  on  Modern  Shop  Practice.  Processes.  Methods.  Machine 
Tools,  and  Details  treating  on  the  Hot  and  Cold  Machine-Forming  of  Steel  and  Iron 
into  Finished  Shapes;  together  with  Tools.  Dies,  and  Machinery  involved  In  the 
manufacture  of  Duplicate  Forgings  and  Interchangeable  Hot  and  Cold  Pressed  Parts 
from  Bar  and  Sheet  Metal.  This  book  nils  a  demand  of  long  standing  for  information 
regarding  drop-forgings.  dio-sinking  and  machine-forming  of  steel  and  the  shop 
practice  involved,  as  it  actually  exists  in  the  modern  drop-forging  shop.  The  processes 
of  die-sinking  and  force-making,  which  are  thoroughly  described  and  illustrated  in  this 
admirable  work,  are  rarely  to  be  found  explained  In  such  a  clear  and  concise  manner 
as  is  here  set  forth.  The  process  of  die-sinking  relates  to  the  engraving  or  sinking  of 
the  femalo  or  lower  dies,  such  as  are  used  for  drop-forgings.  hot  and  cold  machine 
forging,  swedging  and  the  press  working  of  metals.  The  process  of  force-making 
relates  to  the  engraving  or  raising  of  the  male  or  upper  dies  used  In  producing  the 
lower  dies  for  the  press-forming  and  machine-forging  of  duplicate  parts  of  metal. 

In  addition  to  the  arts  above  mentioned  the  book  contains  explicit  information  re- 
garding the  drop-forging  and  hardening  plants,  designs,  conditions,  equipment,  drop 
hammers,  forging  machines,  etc.,  machine  forging,  hydraulic  fonrimr.  autogenous 
welding  and  shop  practice.  The  book  contains  eleven  chapters,  and  the  information 
contained  in  these  chapters  is  just  what  will  prove  most  valuable  to  the  forged-metal 
worker.    All  operations  described  In  the  work  are  thoroughly  Illustrated  by  means  of 


perspective  half-tones  and  outline  sketches  of  the  machinery  employed.  300  detailed 
illustrations.    Price  $3.00 


DRAWING-SKETCHING  PAPER 


PRACTICAL  PERSPECTIVE.   By  Richards  and  Colvin. 

Shows  just  how  to  make  all  kinds  of  mechanical  drawings  in  the  only  practical  per- 
spective Isometric.  Makes  everything  plain  so  that  any  mechanic  can  understand 
a  sketch  or  drawing  in  this  way.  Saves  time  in  the  drawinK  room,  and  mistakes  in  the 
•hops.  Contains  practical  examples  of  various  classes  of  work.  4th  Edition.    76  cents 


LINEAR  PERSPECTIVE  SELF-TAUGHT.    By  Herman  T.  C.  Krads. 

This  work  gives  the  theory  and  practice  of  linear  perspective,  as  used  In  architectural, 
emrineerinjr  and  mechanical  drawings.  Persons  taking  up  the  study  of  the  subject 
by  themselves  will  be  able,  by  the  use  of  the  instruction  given,  to  readily  grasp  the 
subject,  and  by  reasonable  practice  become  good  perspective  draftsmen.  The  arrange- 
ment of  the  book  is  (rood:  the  plate  Is  on  the  left-hand,  while  the  descriptive  text 
follows  on  the  opposite  page,  so  as  to  be  readily  referred  to.  The  drawings  are  on 
sufficiently  large  scale  to  show  the  work  clearly  and  are  plainly  figured.  There  is 
included  a  self-explanatory  chart  which  gives  all  Information  necessary  for  the  thorough 
understanding  of  perspective  This  chart  alone  is  worth  many  times  over  the  price  of 
the  book.  2d  Revised  and  enlarged  Edition  $8.00 
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SELF-TAUGHT  MECHANICAL  DRAWING  AND  ELEMENTARY  MACHINE 

DESIGN.  By  F.  L.  Sylvester,  M.E.,  Draftsman,  with  additions  by  Ebb. 
Obero,  associate  editor  of  "Machinery." 

This  is  a  practical  treatise  on  Mechanical  Drawing  and  Machine  Design,  comprising 
the  first  principles  of  geometric  and  mechanical  drawing,  workshop  mathematics, 
mechanics,  strength  of  materials  and  the  calculations  and  design  of  machine  details. 
The  author's  aim  has  been  to  adapt  this  treatise  to  the  requirements  of  the  practical 
mechanic  and  young  draftsman  and  to  present  the  matter  in  as  clear  and  concise  a 
manner  as  possible.  To  meet  the  demands  of  this  class  of  students,  practically  all  the 
important  elements  of  machine  design  have  been  dealt  with,  and  in  addition  algebraic 
formulas  have  been  explained,  and  the  elements  of  trigonometry  treated  in  the  manna- 
best  suited  to  the  needs  of  the  practical  man.  The  book  is  divided  into  20  chapters, 
and  in  arranging  the  material,  mechanical  drawing,  pure  and  simple,  has  been  taken 
up  first,  as  a  thorough  understanding  of  the  principles  of  representing  objects  facilitates 
the  further  study  of  mechanical  subjects.  This  is  followed  by  the  mathematics  neces- 
sary for  the  solution  of  the  problems  in  machine  design  which  are  presented  later,  and 
a  practical  introduction  to  theoretical  mechanics  and  the  strength  of  materials.  The 
various  elements  entering  into  machine  design,  such  as  cams,  gears,  sprocket-wheels, 
cone  pulleys,  bolts,  screws,  couplings,  clutches,  shafting  and  M  \  wheels,  have  been 
treated  in  such  a  way  as  to  make  possible  the  use  of  the  work  as  a  text-book  for  a 
continuous  course  of  study.  It  is  easily  comprehended  and  assimilated  even  by 
students  of  limited  previous  training.    330  pages.  215  engravings.    Price  .    .  $2.50 

A  NEW  SKETCHING  PAPER. 

A  new  specially  ruled  paper  to  enable  you  to  make  sketches  or  drawings  In  isometric 
perspective  without  any  figuring  or  fussing.  It  is  being  used  for  shop  details  as  well 
as  for  assembly  drawings,  as  it  makes  one  sketch  do  the  work  of  thsee.  and  no  workman 
can  help  swing  just  what  is  want<«d.  Pads  of  40  sheets.  6x9  Inches.  95  cents.  Pads 
of  40  sheets.  9x12  Inches.  60  cents;  40  sheets,  12x18.  Price  91.00 


ELECTRICITY 


ARITHMETIC  OF  ELECTRICITY.    By  Prof.  T.  O'Conor  Sloane. 

A  practical  treatise  on  electrical  calculations  of  all  kinds  reduced  to  a  series  of  rules,  all 
of  the  simplest  forms,  and  Involving  only  ordinary  arithmetic:  each  rule  illustrated 
by  one  or  more  practical  problems,  with  detailed  solatlon  of  each  one.  This  book  is 
classed  among  the  most  useful  works  published  on  the  science  of  electricity,  covering 
as  it  does  the  mathematics  of  electricity  in  a  manner  that  will  attract  the 


of  those  who  are  not  familiar  with  algebraical  formulas.  20th  Edition.  100  pages. 
Price  $1*0 

COMMUTATOR  CONSTRUCTION.    By  Wm.  Baxter,  Jr. 

The  business  end  of  any  dvnamo  or  motor  of  the  direct  current  type  is  the  commutator. 
This  hook  goes  into  trie  designing,  building,  and  maintenance  or  commutators,  shows 
how  to  locate  troubles  and  how  to  remedy  them:  everyone  who  fusses  with  dynamos 
needs  this.    4th  Edition  35  cents 

DYNAMO  BUILDING  FOR  AMATEURS,  OR  HOW  TO  CONSTRUCT  A 
FIFTY- WATT  DYNAMO.    By  Arthur  J.  Weed,  Member  of  N.  Y.  Electrical 

Society. 

A  practical  treatise  showing  in  detail  the  construction  of  a  small  dynamo  or  motor,  the 
entire  machine  work  of  which  can  be  done  on  a  small  foot  lathe.  Dimensioned  working 
drawings  are  given  for  each  piece  of  machine  work,  and  each  operation  Is  clearly 
described.  This  machine,  when  used  as  a  dynamo,  has  an  output  of  fifty  watts  ,  when 
used  as  a  motor  it  will  drive  a  small  drill  press  or  lathe.  It  can  be  used  to  drive  a 
sewing  machine  on  any  and  all  ordinary  work.  The  book  is  illustrated  with  more 
than  sixty  original  engravings  showing  the  actual  construction  of  the  different  parts. 
Among  the  contents  are  chapters  on.    l.  Fifty-Watt  Dynamo.    2.  Side  Bearing 
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Rods.    3.  Field  Punching.    4.  Bearings.    5.  Commutator.    6.  Pulley.  7. 
Holders.    8.  Connection  Board.    9.  Armature  Shaft.    10.  Armature.    11.  Armature 
Winding.     12.  Field  Winding.    13.  Connecting  and. Starting.    Price,  cloth,  $1.00 

ELECTRIC  WIRING,  DIAGRAMS  AND  SWITCHBOARDS.   By  Newton 
Harrison. 

A  thoroughly  practical  treatise  covering  the  subject  of  Electric  Wiring  in  all  its  branches. 
Including  explanations  and  diagrams  which  are  thoroughly  explicit  and  greatly  simplify 
the  subject.  Practical,  every-day  problems  In  wiring  are  presented  and  the  method 
of  obtaining  intelligent  results  clearly  shown.  Only  arithmetic  is  used.  Ohm's  law 
Is  given  a  simple  explanation  with  reference  to  wiring  for  direct  and  alternating 
currents.  The  fundamental  principle  of  drop  of  potential  In  circuits  is  shown  with  its 
various  applications.  The  simple  circuit  is  developed  with  the  position  of  mains, 
feeders  and  branches;  their  treatment  as  a  part  of  a  wiring  plan  and  their  employ- 
ment in  house  wiring  clearly  illustrated.  Some  simple  facts  about  testing  arc  included 
In  connection  with  the  wiring.  Molding  and  conduit  work  are  given  careful  considera- 
tion; and  switchboards  are  systematically  treated,  built  up  and  illustrated,  showing 
the  purpose  they  serve,  for  connection  with  the  circuits,  and  to  shunt  and  compound 
wound  machines.  The  simple  principles  of  switchboard  construction,  the  develop- 
ment of  the  switchboard,  the  connections  of  the  various  instruments,  including  the 
lightning  arrester,  are  also  plainly  set  forth. 

Alternating  current  wiring  Is  treated,  with  explanations  of  the  power  factor,  conditions 
calling  for  various  sizes  of  wire,  and  a  simple  way  of  obtaining  the  sizes  for  single-phase, 
two-phase  and  three-phase  circuits.  This  is  the  only  complete  work  issued  showing 
and  telling  you  what  you  should  know  about  direct  and  alternating  current  wiring.  It 
is  a  ready  reference.  The  work  is  free  from  advanced  technicalities  and  mathematics, 
arithmetic 


being  used  throughout.    It  is  In  every  resnect  a  handy,  well-written, 
comprehensive  volume  on  wiri 
electrician.    272  pages;  105  illustrations. 


instructive,  comprehensive  volume  on  wiring  for  the  wireman.  foreman,  contractor. 

ons.    Price  $2.50 


ELECTRIC  TOY  MAKING,  DYNAMO  BUILDING,  AND  ELECTRIC  MOTOR 
CONSTRUCTION.    By  Prof.  T.  O'Conor  Sloane. 

This  work  treats  of  the  making  at  home  of  electrical  toys,  electrical  apparatus,  motors, 
dynamos  and  instruments  in  general,  and  is  designed  to  bring  within  the  reach  of 
young  and  old  the  manufacture  of  genuine  and  useful  electrical  appliances.  The  work 
U  especially  designed  for  amateurs  and  young  folks. 

Thousands  of  our  young  people  are  daily  experimenting,  and  busily  engaged  in  making 
electrical  toys  and  apparatus  of  various  kinds.  The  present  work  is  just  what  is  want- 
ed to  give  the  much  needed  information  in  a  plain,  practical  manner,  with  illustrations 
to  make  easy  the  carrying  out  of  the  work.    20th  Edition.    Price    ....  $1.50 

ELECTRICIANS'  HANDY  BOOK.   By  Prof.  T.  O'Conor  Sloane. 

This  work  is  intended  for  the  practical  electrician  who  has  to  make  things  go.  The 
entire  Held  of  electricity  is  covered  within  its  pages.  Among  some  of  the  subjects  treated 
are:  The  Theory  of  the  Electric  Current  and  Circuit,  Electro-Chemistry,  Primary 
Batteries.  Storage  Batteries.  Generation  and  Utilization  of  Electric  Powers,  Alter- 
nating Current.  Armature  Winding.  Dynamos  and  Motors.  Motor  Generators, 
Operation  of  the  Central  Station  Switchboards,  Safety  Appliances,  Distribution 
or  Electric  Liuht  and  Power.  Street  Mains,  Transformers.  Arc  and  Incandescent 
Lighting.  Kh-ctric  Measurements.  Photometry.  Electric  Railways,  Telephony,  Bell- 
Wiring.  Electric-Plating.  Electric  Heating.  Wireless  Telegraphy,  etc.  It  contains  no 
useless  theory:  everything  Is  to  the  point.  It  teaches  you  just  what  you  want  to 
know  about  electricity.  It  is  the  standard  work  published  on  the  subject.  Forty- 
nix  chapters.  000  engravings.    1920  Revised  and  Enlarged  Edition.    Price  .  $4.00 

ELECTRICITY  SIMPLIFIED.    By  Prof.  T.  O'Conor  Sloane. 

The  object  of  "Electricity  Simplified"  Is  to  make  the  subject  as  plain  as  possible  and 
to  show  what  the  modern  conception  of  electricity  is;  to  show  how  two  plates  of 
different  nn-fal.  Immersed  In  acid,  can  send  a  message  around  the  globe;  to  explain 
how  a  bundle  of  copper  wire  rotated  by  a  steam  engine  can  be  the  agent  in  lighting 
our  streets,  to  tell  what  the  volt,  ohm  and  ampere  are.  and  what  high  and  low  tension 
mean:  and  to  answer  the  questions  that  perpetually  arise  In  tho  mind  In  this  ago  of 
electricity.    13th  Edition.    172  pages.    Illustrated.    Price  $1.50 
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EXPERIMENTAL  WIRELESS  STATIONS.    By  P.  E.  Edelman. 

The  theory,  design,  construction  and  operation  is  fully  treated  including  Wireless 
Telephony,  Vacuum  Tube,  and  quenched  spark  systems.  The  new  enlarged  1930 
edition  is  just  issued  and  is  strictly  up  to  date,  correct  and  complete.  This  book  teUs 
how  to  make  apparatus  to  not  only  near  all  telephoned  and  telegraphed  radio  mess- 
ages, but  also  how  to  make  simple  equipment  that  works  for  transmission  over  rea- 
sonably long  distances.  Then  there  is  a  host  of  new  information  included.  The 
first  and  only  book  to  give  you  all  the  recent  important  radio  improvements,  some 
of  which  have  never  before  been  published.  This  volume  anticipates  every  need  of 
the  reader  who  wants  the  gist  of  the  art.  its  principles,  simplified  calculations,  appara- 
tus dimensions,  and  understandable  directions  for  efficient  operation. 
Vacuum  tube  circuits;  amplifiers;  long-distance  sets;  loop,  coil,  and  underground 
receivers;  tables  of  wave-lengths,  capacity,  inductance;  such  are  a  few  of  the  sub- 
jects presented  in  detail  that  satisfies.  It  is  independent  and  one  of  the  few  that 
describe  all  modern  systems. 

Endorsed  by  foremost  instructors  for  its  clear  accuracy,  preferred  by  leading  amateurs 
for  its  dependable  designs.  The  new  experimental  Wireless  Stations  is  sure  to  be  most 
satisfactory'  for  your  purposes.    24  chapters.    167  illustrations.    Price    .    .  $2.50 

HOUSE  WIRING.    By  Thomas  W.  Poppe. 

This  work  describes  and  illustrates  the  actual  installation  of  Electric  Light  Wiring, 
the  manner  in  which  the  work  should  be  done,  and  the  method  of  doing  it.  The  book 
be  conveniently  carried  hi  the  pocket.    It  is  intended  for  the  Electrician,  Helper 


and  Apprentice,  ft  solves  all  Wiring  Problems  and  contains  nothing  that  conflicts 
with  the  rulings  of  the  National  Board  of  Fire  Underwriters.  It  gives  just  the  informa- 
tion essential  to  the  Successful  Wiring  of  a  Building.  Among  the  subjects  treated  are: 
Locating  the  Meter.  Panel  Boards.  Switches.  Plug  Receptacles.  Brackets.  Ceiling 
Fixtures.  The  Meter  Connections.  The  Feed  Wires.  The  Steel  Armored  Cable 
System.  The  Flexible  Steel  Conduit  System.  The  Ridlg  Conduit  System.  A  digest 
of  the  National  Board  of  Fire  Underwriters'  rules  relating  to  metallic  wiring  systems. 
Various  switching  arrangements  explained  and  diagrammed.  The  easiest  method  of 
testing  the  Three-  and  Four-way  circuits  explained.  The  grounding  of  all  metallic 
wiring  systems  and  the  reason  for  doing  so  shown  and  explained.  The  insulation  of 
the  metal  parts  of  lamp  fixtures  and  the  reason  for  the  same  described  and  illustrated, 
pages.    2nd  Edition,  revised  and  enlarged.    Fully  illustrated.    Flexible  clo 


WHAT  IS  SAID  OF  THIS  BOOK: 

"The  information  given  is  exact  and  exhaustive  without  being  too  technical  or  over- 
laden with  details.  — Druggists'  Circular. 

HOW  TO  BECOME  A  SUCCESSFUL  ELECTRICIAN.   By  Prof.  T.  O'Conob 
Sloane. 

Every  young  man  who  wishes  to  become  a  successful  electrician  should  read  this  book. 
It  tells  in  simple  language  the  surest  and  easiest  way  to  become  a  successful  electrician. 
The  studies  to  bo  followed,  methods  of  work,  field  of  operation  and  the  requirements 
of  the  successful  electrician  are  pointed  out  and  fully  explained.  Every  young  en- 
gineer will  find  this  an  excellent  stepping  stone  to  more  advanced  works  on  electricity 
which  he  must  master  before  success  can  bo  attained.  Many  young  men  become  dis- 
couraged at  the  very  outstart  by  attempting  to  read  and  study  books  that  are  far 
beyond  their  comprehension.  This  book  serves  as  the  connecting  link  between  the 
rudiments  taught  in  the  public  schools  and  the  real  study  of  electricity.  It  is  inter- 
esting from  cover  to  cover.  Eighteenth  Revised  Edition,  just  Issued.  205  nages. 
Illustrated.    Prico  $1.50 

STANDARD  ELECTRICAL  DICTIONARY.   By  T.  O'Conob  Sloane. 

An  Indispensable  work  to  all  Interested  in  electrical  science.  Suitable  alike  for  the 
student  and  professional.  A  practical  handbook  of  reference  containing  definitions 
of  about  5.000  distinct  words,  terms  and  phrases.  The  definitions  are  terse  ami 
concise  and  incJudo  every  term  used  in  electrical  science.  Recently  issued.  An  en- 
tirely new  edition.  Should  be  in  the  possession  of  all  who  desire  to  Keep  abreast  with 
the  progress  of  this  branch  of  science.  In  Its  arrangement  and  typography  the  book 
is  very  convenient.  The  word  or  term  defined  is  printed  In  blacK-faced  type  which 
readily  catches  the.  eye.  while  the  body  of  the  page  Is  in  smaller  but  distinct  type.  The 
definitions  are  well  worded,  and  so  as  to  be  understood  by  the  non-technical  reader. 
The  general  plan  seems  to  be  to  give  an  exact,  concise  definition,  and  then  amplify 
and  explalu  In  a  more  popular  way.    Synonyms  are  also  given,  and  references  to  r" 
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words  and  phrases  are  made.  A  very  complete  and  accurate  index  of  flftv  paprs  Is 
at  the  end  of  the  volume;  and  as  this  Index  contains  all  synonyms,  and  as  all  phrases 
are  indexed  in  every  reasonable  combination  of  words,  reference  to  the  proper  place 
In  the  body  of  the  book  is  readily  made.  It  is  difficult  to  decide  how  far  a  book  of 
this  character  is  to  keep  the  dictionary  form,  and  to  what  extent  it  may  assume  the 
encyclopedia  form.  For  some  purposes,  concise,  exactly  worded  definitions  are  needed ; 
for  other  purposes,  more  extended  descriptions  are  required.  This  book  seeks  to  satisfy 
both  demands,  and  does  it  with  considerable  success.  Complete,  concise  and  con- 
venient. 800  pages.  Nearly  500  illustrations.  1920  Revised  and  Enlarged  Edition. 
Price  $5.db 

SWITCHBOARDS.   By  William  Baxter,  Jr. 

This  book  appeals  to  every  engineer  and  electrician  who  wants  to  know  the  practical 
side  of  things.  It  takes  up  all  sorts  and  conditions  of  dynamos,  connections  and 
circuits,  and  shows  by  diagram  and  illustration  just  how  the  switchboard  should  be 
connected.  Includes  direct  and  alternating  current  boards,  also  those  for  arc  lighting, 
incandescent  and  power  circuits.  Special  treatment  on  high  voltage  boards  for  power 
transmission.    2d  Edition.    190  pages.    Illustrated.    Price  $2.00 

TELEPHONE  CONSTRUCTION,  INSTALLATION,  WIRING,  OPERATION 

AND  MAINTENANCE.   By  W.  H.  Radcliffe  and  H.  C.  Cubbing. 

This  book  is  intended  for  the  amateur,  the  wireman.  or  the  engineer  who  desires  to 
establish  a  means  of  telephonic  communication  between  the  rooms  of  his  home,  office, 
or  shop.    It  deals  only  with  such  things  as  may  bo  of  use  to  him  rather  than  with 


Gives  the  principles  of  construction  and  operation  of  both  the  Bell  and  Independent 
instruments:  approved  methods  of  installing  and  wiring  them;  the  means  of  protecting 
them  from  lightning  and  abnormal  currents;  their  connection  together  for  operation 
as  series  or  bridging  stations ;  and  rules  for  their  inspection  and  maintenance.  Lino 
wiring  and  the  wiring  and  operation  of  special  telephone  systems  are  also  treated. 

Intricate  mathematics  are  avoided. and  all  apparatus,  circuits  and  systems  are  thor- 
oughly described.  The  appendix  contains  deAnUionf»  of  units  and  terms  used  in  the 
text.  Selected  wiring  tables,  which  are  very  helpful,  are  also  included.  Among  the 
subjects  treated  are  Construction.  Operation,  and  Installation  of  Telephone  Instru- 
ments; Inspection  and  Maintenance  of  Telephone  Instruments;  Telephone  Line 
"Wiring;  Testing  Telephone  Line  Wires  and  Cables;  Wiring  and  Operation  of  Special 
Telephone  Systems,  etc.  2nd  Edition,  revised  and  enlarged.  223  pages.  lr>4 
illustrations  $1.60 

WIRELESS  TELEGRAPHY  AND  TELEPHONY  SIMPLY  EXPLAINED.  By 

Alfred  P.  Morgan. 

This  is  undoubtedly  one  of  the  most  complete  and  comprehensible  treatises  on  tho 
subject  ever  published,  and  a  close  study  or  its  pages  will  enable  one  to  master  all  the 
details  of  the  wireless  transmission  of  messages.  The  author  has  filled  a  long-felt 
want  and  has  succeeded  in  furnishing  a  lucid,  comprehensible  explanation  in  simple 
language  of  the  tncory  and  practice  of  wireless  telegraphy  and  telephony. 

Among  the  contents  are:  Introductory;  Wireless  Transmission  and  Reception — Tho 
Aerial  System.  Earth  Connections — The  Transmitting  Apparatus.  Spark  Coils  and 
Transformers.  Condensers.  Helixes.  Spark  (laps.  Anchor  Gaps.  Aerial  Switches — Tho 
Receiving  Apparatus.  Detectors,  etc. — Tuning  and  Coupling,  Tuning  Coils.  Looso 
Couplers.  Variable  Condensers.  Directive  Wave  Systems — Miscellaneous  Apparatus, 
Telephone  Receivers.  Range  of  Stations.  Static  Interference — Wireless  Telephones. 
Sound  and  Sound  Wavra.The  Vocal  Cords  and  Ear — Wireless  Telephone.  How  Sounds 
Are  Changed  into  Electric  Waves — Wireless  Telephones.  The  Apparatus — Summary. 
154  pages.    156  engravings.    Price  $1.60 

WHAT  IS  SAID  OP  THIS  BOOK: 
"This  book  should  be  in  both  the  home  and  school  library."— The  Youths'  Instructor. 

WIRING  A  HOUSE.   By  Herbert  Pratt. 

Shows  a  house  already  built  :  tells  just  how  to  start  about  wiring  it:  where  to  begin; 
what  wire  to  use:  how  to  run  it  according  to  Insurance  Rules:  in  fact,  just  the  informa- 
tion you  need.    Directions  apply  equally  to  a  shop.   Pourth  edition  .   .   86  cents 
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RADIO  TIME  SIGNAL  RECEIVER.    By  Austin  C.  Lescakboura. 

This  new  book.  "A  Radio  Time  sinn.il  Receiver,"  tells  you  how  to  build  a  simple 
outfit  designed  expressly  for  the  l>eginner.  You  can  build  the  outfits  in  your  own 
workshop  and  install  them  for  jewelers  either  on  a  one-payment  or  a  rental  basis. 
The  apparatus  is  of  such  simple  design  that  it  may  be  made  by  the  average  amateur 
mechanic  possessing  a  few  ordinary  tools.    42  pages.    Paper.    Price    .     .  36  cent* 


CONSTRUCTION  OF  A  TRANSATLANTIC  WIRELESS  RECEIVING  SET. 

By  L.  G.  Pacent  and  T.  S.  Curtis. 

A  work  for  the  Radio  student  who  desires  to  construct  and  operate  apparatus  that 
will  permit  of  the  reception  of  messages  from  the  large  stations  in  Europe  with  an 
aerial  of  amateur  proportions.    30  pages.    23  illustrations,  cloth.    Price  .  36 


ELECTRIC  BELLS.    By  M.  B.  Sleeper. 

A  complete  treatise  for  the  practical  worker  in  installing,  operating,  and  testing 
bell  circuits,  burglar  alarms,  thermostats,  and  other  apparatus  used  with  electric 
bells.  Both  the  electrician  and  the  experimenter  wiU  find  in  this  book  new  material 
which  is  essential  in  their  work.  Tools,  bells,  batteries,  unusual  circuits,  bundar 
alarms,  annunciators,  systems,  thermostats,  circuit  breakers,  time  alarms,  and  other 
apparatus  used  in  boll  circuits  are  described  from  the  standpoints  of  their  applica- 
tion, construction,  and  repair.  The  detailed  instructions  for  building  the  apparatus 
will  ap|K*al  to  the  experimenter  particularly.  The  practical  worker  will  find  the 
chapters  on  Wiring  Calculation  of  Wire  Sizes  and  Magnet  Windings,  Upkeep  of 
Systems  and  the  Location  of  Faults  of  the  greatest  value  in  their  work.  124  pages. 
Fully  illustrated.    Price  76 


EXPERIMENTAL  HIGH  FREQUENCY  APPARATUS  —  HOW  TO  MAKE 

AND  USE  IT.    By  Thomas  Stanley  Curtis. 

This  book  tells  you  how  to  build  simple  high  frequency  coils  for  experimental  purpose 
In  the  home,  school  laboratory,  or  on  the  small  lecture  platform.  The  book  is  really 
a  supplement  to  the  same  author  s  "High  Frequency  Apparatus."  The  experimental 
side  only  is  covered  in  tills  volume.  whi'*h  is  intended  for  those  who  want  to  build 
small  coils  giving  up- to  an  elghteen-ln.  h  spark.  The  book  contains  valuable  in- 
formation for  the  physics  or  the  manual  training  teacher  who  is  on  the  lookout  for 
interesting  projects  for  Ids  boys  to  build  or  experiment  with.  The  apparatus  is 
simple,  cheap  and  perfectly  safe,  and  with  it  some  truly  startling  experiments  may  bo 
performed.  Among  the  contents  are:  Induction  Coil  Outfits  Operated  on  Battery 
Current.  Kicking  Coil  Apparatus.  One-Half  Kilowatt  Transformer  Outfit.  Parts 
and  Materials,  etc,,  etc.    CU  pages.    Illustrated.    Price  60  cents 

HIGH  FREQUENCY  APPARATUS,  ITS  CONSTRUCTION  AND  PRACTICAL 
APPLICATION.    By  Thomas  Stanley  Curtis. 

The  most  comprehensive  and  thorough  work  on  this  interesting  subject  ever  produced. 
The  I  took  is  essentially  practical  in  its  treatment  and  it  constitutes  an  accurate  record 
of  the  researches  of  its  author  over  a  period  of  several  years,  during  which  time  dozens 
of  coils  were  built  anil  experimented  with.  The  work  has  been  divide*!  into  six  basic 
parts.  The  first  two  chapters  tell  the  uninitiated  reader  what  the  high  frequency 
current  is.  what  it  is  used  for.  and  how  it  is  produced.  The  second  section,  comprising 
four  chapters,  describes  in  detail  the  principles  of  the  transformer,  condenser,  spark 
gap.  and  oscillation  transformer,  and  covers  the  main  points  in  the  design  and  con- 
struction of  these  devices  as  applied  to  the  work  in  hand.  The  third  section  covers 
the  construction  of  small  high  frequency  outfits  designed  for  experimental  work  in  the 
home  laboratory  or  in  the  classroom.  The  fourth  section  Is  devoted  to  electro- 
therapeutic  and  X-Kay  apparatus.  The  fifth  describes  apparatus* for  the  cultivation 
of  plants  and  vegetables.  The  sixth  section  is  devoted  to  a  comprehensive  discussion 
of  apparatus  of  large  size  for  use  upon  tho  stage  in  spectacular  productions.  The 
closing  chapter,  giving  the  current  prices  of  the  parts  and  materials  required  for  the 
construction  of  the  apparatus  described,  is  included  with  a  view  to  expediting  the 
purchase  of  tho  necessary  goods.  The  Second  Edition  includes  much  new  matter 
along  the  line  of  hormwnado  therapeutic  outfits  for  physicians'  use.  The  matter  on 
electro  plant  culture  has  also  been  elaliorated  upon.  Second  Revised  and  Enlarged 
Edition.    218  pages.    1920.     Fully  illustrated.    Price  $3.00 
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STORAGE  BATTERIES  SIMPLIFIED.    By  Victor  W.  Page,  M.S.A.E. 

A  complete  treatise  on  storage  battery  operating  principles,  repairs  and  applications. 
The  greatly  increasing  application  of  storage  batteries  in  modern  engineering  and 
mechanical  work  has  created  a  demand  for  a  book  that  will  consider  this  subject 
completely  and  exclusively.  This  is  the  most  thorough  and  authoritative  treatise 
<ever  published  on  this  subject.  It  is  written  in  easily  understandable,  non- technical 
language  so  that  any  one  may  grasp  the  basic  principles  of  storage  battery  action  aa 
well  as  their  practical  industrial  applications.  All  electric  and  gasoline  automobiles 
use  storage  batteries.  Every  automobile  repairman,  dealer  or  salesman  should  have  a 
good  knowledge  of  maintenance  and  repair  of  these  important  elements  of  the  motor  - 
car  mechanism.  This  book  not  only  tells  how  to  charge,  care  for  and  rebuild  storage 
batteries  but  also  outlines  all  the  industrial  uses.  Learn  how  they  run  street  cars, 
locomotives  and  factory  trucks.  Get  an  understanding  of  the  important  functions  they 
perform  in  submarine  boats,  isolated  lighting  plants,  railway  switch  and  signal  systems, 
marine  applications,  etc.  This  book  tells  how  they  are  used  in  central  station  standby 
service,  for  starting  automobile  motors  and  in  ignition  systems.  Every  practical  use 
of  the  modern  storage  battery  is  outlined  in  this  treatise. 

Chapters  contained  are:  Chapter  1 — Storage  Battery  Development — Types  of  Storage 
Batteries— Lead  Plate  Types— The  Edison  Cell.  Chapter  2 — Storage  Battery 
Construction— Plates  and  Grids— Plante  Plates—  Faure  Plates— Non-Lead  Plates — 
Commercial  Battery  Designs.  Chapter  3 — Charging  Methods — Rectifiers — Con- 
verters— Rheostats — Rules  for  Charging.  Chapter  4 — Battery  Repairs  and  Main- 
tenance. Chapter  6 — Industrial  Application  of  Storage  Batteries — Glossary  of 
Storage  Battery  Terms.    208  pages.    Fully  illustrated.    Price   ....  $2.00 


ELECTROPLATING 


A  NEW  ELECTROPLATING  BOOK.     By  Kenneth  M.  Coogeshall. 

This  is  one  of  the  most  complete  and  practical  books  on  electroplating  and  allied 

{rocesses  that  has  been  published  as  a  text  for  the  student  or  professional  plater, 
t  Is  written  in  simple  language  and  explains  all  details  of  electroplating  In  a  concise 
yet  complete  manner.  It  starts  at  the  beginning  and  gives  an  elementary  outUne 
of  electricity  and  chemistry*  as  relates  to  plating,  then  considers  shoo  layout  and 
equipment  and  gives  all  the  necessary  information  to  do  reliable  and  profitable  electro- 
plating in  a  modern  commercial  manner.  Full  instructions  are  given  for  the  prepara- 
tion and  finishing  of  the  work  and  formulae  and  complete  directions  are  included  for 
making  all  kinds  of  plating  solutions,  many  of  these  having  been  trade  secrets  until 
published  In  this  instruction  manual.  Any  one  Interested  in  practical  plating  and 
metal  finishing  will  find  this  book  a  valuable  guide  and  complete  manual  of  the  art. 
Cloth.    135  illustrations.     Nearly  300  pages.     Price  $8.00 


FACTORY  MANAGEMENT,  ETC. 


MODERN    MACHINE    SHOP    CONSTRUCTION,    EQUIPMENT  AND 
MANAGEMENT.   By  O.  E.  Perrigo,  M.E. 

The  only  work  published  that  describes  the  modern  machine  shop  or  manufacturing 
plant  from  the  time  the  grass  is  growing  on  the  site  intended  for  it  until  the  finished 
product  is  shipped.  By  a  careful  study  of  its  thirty-two  chapters  the  practical  man 
may  economically  build,  efficiently  equip,  and  successfully  manage  the  modern  machine 
shop  or  manufacturing  establishment.  Just  tho  book  needed  by  those  contemplating 
the  erection  of  modem  shop  buildings,  the  rebuilding  and  reorganization  of  old  ones, 
or  the  introduction  of  modern  shop  methods,  time  and  cost  systems.  It  is  a  book 
written  and  illustrated  by  a  practical  shop  man  for  practical  shop  men  who  are  too 
busy  to  read  theories  and  want  facts.  It  Is  the  most  complete  all-around  book  of  its 
kind  ever  published.  It  is  a  practical  book  for  practical  men,  from  the  apprentice  In 
the  shop  to  the  president  in  the  office.  It  minutely  describes  and  illustrates  the  most 
simple  and  yet  the  most  efficient  time  and  cost  system  yet  devised.   Price    .  $5.00 
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COMBUSTION  OF  COAL  AND  THE  PREVENTION  OF  SMOKE.    By  Wm. 

M.  Barb. 

This  book  has  been  prepared  with  sj>eeial  reference  to  the  generation  of  heat  by  the 
combustion  of  the  common  fuels  found  In  the  United  States,  and  deaLs  particularly 
with  the  conditions  necessary  to  the  economic  and  smokeless  combustion  of  bituminous 
coals  in  Stationary  and  Locomotive  Steam  Boilers. 

The  presentation  of  this  Important  subject  is  systematic  and  progressive.  The  ar- 
rangement of  the  book  is  in  a  series  of  practical  questions  to  which  are  appended 
accurate  answers,  which  describe  in  language,  free  from  technicalities,  the  several 
processes  involved  in  the  furnace  combustion  of  American  fuels;  it  clearly  states  the 
essential  requisites  for  perfect  combustion,  and  points  out  the  best  methods  for  furnace 
construction  for  obtaining  the  greatest  quantity  of  heat  from  any  given  quality  of 
coal.    Nearly  350  pages,  fully  illustrated.    Price  $1.50 

GAS  ENGINES  AND  GAS 


THE  GASOLINE  ENGINE  ON  THE  FARM:  ITS  OPERATION,  REPAIR 

AND  USES.    By  Xeno  W.  Putnam. 

This  is  a  practical  treatise  on  the  Gasoline  and  Kerosene  Engine  intended  for  the  man 
who  wants  to  know  just  how  to  manage  his  engine  and  how  to  apply  it  to  all  kinds  of 
farm  work  to  the  best  advantage. 

This  book  abounds  with  hints  and  helps  for  the  farm  and  suggestions  for  the  home 
and  housewife.  There  is  so  much  of.  value  in  this  book  that  it  is  impossible  to  ade- 
quately describe  it  in  such  small  space.  Suffice  to  say  that  it  is  the  kind  of  a  book 
every  farmer  will  appreciate  and  every  farm  home  ought  to  have.  Includes  selecting 
the  most  suitable  engine  for  farm  work,  its  most  convenient  and  efficient  installation, 
witti  chapters  on  troubles  their  remedies,  and  how  to  avoid  them.  The  care  and 
management  of  the  farm  tractor  in  plowing,  harrowing,  harvesting  and  road  grading 
arc  fully  covered;  also  plain  directions  are  given  for  handling  the  tractor  on  the  road. 
Special  attention  is  given  to  relieving  farm  life  of  its  drudgery  by  applying  power  to 
the  disagreeable  small  tasks  which  must  otherwise  be  done  by  hand.  Many  home- 
made contrivances  for  cutting  wood,  suppiying  kitchen,  garden,  and  barn  with  water, 
loading,  hauling  and  unloading  hay.  delivering  grain  to  the  bins  or  the  feed  trough 
are  included:  also  full  directions  for  making  the  engine  milk  the  cows,  churn,  wash, 
sweep  the  house  and  clean  the  windows,  etc.  Very  fully  illustrated  with  drawings  of 
working  parts  and  cuts  showing  Stationary.  Portable  and  Tractor  Engines  doing  all 
kinds  of  farm  work.  All  money-making  farms  utilize  power.  Learn  how  to  utilize 
!>ower  by  reading  the  pages  of  this  book.  It  is  an  aid  to  the  result  getter,  invaluable 
to  the  up-to-date  farmer,  student,  blacksmith,  implement  dealer  and,  in  fact.  aU  who 
can  apply  practical  knowledge  of  stationary  gasoline  engines  or  gas  tractors  to  advan- 
tage.   530  pages.    Nearly  ISO  engravings.    Price  $8.00 

WHAT  IS  SAID  OF  THIS  BOOK: 

"Am  much  pleased  with  the  book  and  find  It  to  be  very  complete  and  up-to-date. 
I  will  heartily  recommend  it  to  students  and  farmers  whom  I  think  woula  stand  in 
need  of  such  a  work,  as  I  think  it  is  an  exceptionally  good  one." — N.  S.  Gardinrr, 
Prof,  in  Charge.  Clemson  Agr.  College  of  S.  C. .  Dept.  of  Agri.  and  Agri.  Exp.  Station. 

Clemson  College.  S.  C. 

"  I  feel  that  Mr.  Putnam's  book  covers  the  main  points  which  a  fanner  should  know  " 
— R.  T.  Burdick,  Instructor  in  Agronomy,  University  of  Vermont.  Burlington.  Vt. 
"It  will  be  a  valuable  addition  to  our  library  upon  Farm  Machinery." — James  A. 
Farra.  Inst.  In  Agri.  Engineering,  State  University  of  Ky..  Lexington.  Ky. 

GASOLINE  ENGINES:  THEIR  OPERATION,  USE  AND  CARE.    By  A.  Hyatt 

Veriull. 

The  simplest,  latest  and  most  comprehensive  popular  work  published  on  Gasoline 
Engines,  describing  what  the  Gasoline  Engine  is:  its  construction  and  operation:  bow 
to  install  it;  how  to  select  It;  how  to  use  it,  and  how  to  remedy  troubles  encountered. 
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Intended  for  Owners,  Operators  and  Users  of  C  isolino  Motors  of  all  kinds.  This 
work  fully  describes  and  illustrates  the  various  ypes  of  Gasoline  Engines  used  in 
Motor  Boats.  Motor  Vehicles  and  Stationary  Work.  The  parts,  accessories  and 
appliances  are  described,  with  chanters  on  ignition,  fuel,  lubrication,  operation  and 
engine  troubles.  Special  attention  is  given  to  the  care,  operation  and  repair  of  motors, 
with  useful  hints  and  suggestions  on  emergency  repairs  and  makeshifts.  A  complete 
glossary  of  technical  terms  and  an  alphabetically  arranged  table  of  troubles  and  their 
symptoms  form  most  valuable  and  unique  features  of  this  manual.  Nearly  every 
illustration  in  the  book  Is  original,  having  been  made  by  the  author.  Every  page  is 
full  of  interest  and  value.  A  hook  which  you  cannot  afford  to  be  without.  275  pages. 
152  specially  made  engravings.    Price  $2.00 

GAS,  GASOLINE,  AND  OIL  ENGINES.   By  Gardner  D.  Hiscox. 

Just  Issued,  22d  revised  and  enlarged  edition.  Every  user  of  a  gas  engine  needs  this 
book.  Simple,  instructive,  and  right  up-to-date.  The  only  complete  work  on  the 
subject.  Tells  all  about  the  running  and  management  of  gas,  gasoline  and  oil  engines, 
as  designed  and  manufactured  in  the  United  States.  Explosive  motors  for  stationary 
marine  and  vehicle  power  are  fully  treated,  together  with  illustrations  of  their  parts 
and  tabulated  sizes,  also  their  care  and  running  are  included.  Electric  ignition  by 
inductiem  coll  and  jump  spark  are  fully  cxplaine-d  and  illustrated,  including  valuablo 
information  on  the  testing  for  economy  and  power  and  the  erection  of  power  plants. 

The  rules  and  regulations  of  the  Board  of  Fire  Underwriters  In  regard  to  the  installation 
and  management  of  gasoline  motors  are  given  in  full,  suggesting  the  safe  installation 
of  explosive  motor  power.  A  list  of  United  States  Patents  issued  on  gas,  gasoline,  and 
oil  engines  and  their  adjuncts  from  1875  to  date  Is  Included.  640  pages.  435  engrav- 
ings.   Folding  plates.    Price  $8.00 

GAS  ENGINE  CONSTRUCTION,  OR  HOW  TO  BUILD  A  HALF-HORSE- 
POWER GAS  ENGINE.    By  Parsell  and  Weed. 

A  practical  treatise  of  300  pages  describing  the  theory  and  principles  of  the  action  of 
Gas  Engines  of  various  types  anel  the  design  and  construction  of  a  half-horse-power 
Gas  Engine*,  w  ith  illustrations  of  the  work  In  actual  progress,  together  with  the  dimen- 
sional working  drawings,  giving  clearly  the  sizes  of  the  various  details;  for  the  student, 
the  scientific  investigator,  and  the  amateur  mechanic.  This  book  treats  of  the  subject 
more  from  the  standpoint  of  practice  than  that  of  theory.  The  principles  of  operation 
of  Gas  Engines  are  clearly  and  simply  described,  and  then  the  actual  construction  of  a 
half-horse-power  engine  is  taken  up.  step  by  step,  showing  in  detail  the  making  of  the 
Gas  Engine    3d  Edition.    300  pages.    Price  $3.00 

HOW  TO  RUN  AND  INSTALL  GASOLINE  ENGINES.    By  C.  Von  Culin. 

Revised  and  enlarged  edition 'just  issue*!.  The  object  of  this  little  book  Is  to  furnish 
a  pocket  instructor  for  the  beginner,  the  busy  man  who  uses  an  engine  for  pleasure  or 
profit,  but  who  does  not  have  the  time  or  inclination  for  a  technical  book,  but  simply 
to  thoroughly  understand  how  to  properly  operate,  install  and  care  for  his  own  engine. 
The  Index  refers  to  each  trouble,  remedy,  and  subject  alphabetically.  Being  a  quick 
reference  to  find  the  cause,  remedy  and  prevention  for  troubles,  and  to  become  an 
expert  with  his  own  engine.    Pocket  size.    Paper  binding.    Price     .    .    25  cents 

THE  MODERN  GAS  TRACTOR.   By  Victor  W.  Page. 

A  complete  treatise  describing  all  types  and  sizes  of  gasoline,  kerosene  and  oil  tractors. 
Considers  design  and  construction  exhaustively,  gives  complete  instructions  for  care, 
operation  and  repair,  outlines  all  practical  applications  on  the  road  and  in  the  field. 
The  best  anel  latest  work  on  farm  tractors  and  tractor  power  plants.  A  work  needed 
by  farmers,  students,  blacksmiths,  mechanics,  salesmen,  implement  dealers,  designers 
and  engineers.   500  pages.   Nearly  300  Illustrations  and  folding  plates.  Price  S3. 00 

CHEMISTRY  OF  GAS  MANUFACTURE.    By  H.  M.  Rotle 

This  book  covers  points  likely  to  arise  in  the  ordinary  course  of  the  duties  of  the 
engineer  or  manager  of  a  gas  works  not  large  enough  to  necessitate  the  employment 
of  a  separate  chemical  stair.  It  treats  of  the  testing  of  the  raw  materials  employed 
in  the  manufacture  of  illuminating  coal  gas  and  of  the  gas  produced.  The  preparation 
of  standard  solutions  is  given  as  well  as  the  chemical  and  physical  e  tamination  of  gas 
coal.    5H  x  8*4.    Cloth.  328  pages. j  82  illustrations.  1  colored  plaU-.    Price  $6.00 
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GEARING  AND  CAMS 

BEVEL  GEAR  TABLES.   By  D.  Ao.  Engbtrom. 

A  book  that  will  at  once  commend  itself  to  mechanics  and  draftsmen.  Does  away 
with  all  the  trigonometry  and  fancy  figuring  on  bevel  gears,  and  makes  it  easy  for  any* 
one  to  lay  them  out  or  mako  them  Just  right.  There  are  36  full-page  tables  that 
show  every  necessary  dimension  for  all  sizes  or  combinations  you're  apt  to  need.  Xo 
puzzling,  figuring  or  guessing.  Gives  placing  distance,  all  the  angles  (including 
cutting  angles),  and  the  correct  cutter  to  use.  A  copy  of  this  prepares  you  for  any- 
thing in  the  bevel-gear  line.    3d  Edition.    66  pages  $1.50 

CHANGE  GEAR  DEVICES.   By  Oscar  E.  Perrioo. 

A  practical  book  for  every  designer,  draftsman,  and  mechanic  interested  in  the  inven- 
tion and  development  of  the  devices  for  feed  changes  on  the  different  machines  requir- 
ing such  mechanism.  All  the  necessary  information  on  this  subject  is  taken  up. 
analyzed,  classified,  sifted,  and  concentrated  for  the  use  of  busy  men  who  have  not  the 
time  to  go  through  the  masses  of  irrelevant  matter  with  which  such  a  subject  is  usu- 
ally encumbered  and  select  such  information  as  will  be  useful  to  them. 

It  shows  Just  what  has  been  done,  how  it  has  been  done,  when  it  was  done,  and  who 
did  it.  It  saves  time  in  hunting  up  patent  records  and  re-lnventlng  old  Ideas.  88 
pages  $1.50 

DRAFTING  OF  CAMS.   By  Louis  Rouiluon. 

The  laying  out  of  cams  Is  a  serious  problem  unless  you  know  how  to  go  at  it  right. 
This  puts  you  pn^the  right  road  for  practically  any  kind  of  cam  you  are  lik.^ly  to  run 


up  against.    3d  Edition. 

HYDRAULICS 


HYDRAULIC  ENGINEERING.    By  Gardner  D.  Hibcox. 

A  treatise  on  the  properties,  power,  and  resources  of  water  for  all  purposes.  Including 
the  measurement  of  streams,  the  flow  of  water  in  pipes  or  conduits;  the  horse-power 
of  falling  water,  turbine  and  impact  water-wheels,  wave  motors,  centrifugal,  recipro- 
cating and  air-lift  pumps.  With  300  figures  and  diagrams  and  36  practical  tables. 
All  who  are  interested  in  water-works  development  will  And  this  book  a  useful  one. 
because.it  is  an  entirely  practical  treatise  upon  a  subject  of  present  importance,  and 
cannot  fail  in  having  a  far-reaching  influence,  and  for  this  reason  should  have  a  place 
in  the  working  library  of  every  engineer.  Among  the  subjects  treated  are:  Historical 
Hydraulics,  Properties  of  Water,  Measurement  of  the  Flow  of  Streams:  Flow 
from  Sub-surface  Orifices  and  Nozzles;  Flow  of  Water  in  Pipes;  Siphons  of  Various 
Kinds:  Dams  and  Great  Storage  Reservoirs;  City  and  Town  Water  Supply:  Wells 
and  Their  Reinforcement;  Air  Lift  Methods  of  Raising  Water;  Artesian  Wells; 
Irrigation  of  Arid  Districts;  Water  Power;  Water  Wheels;  Pumps  and  Pumping 
Machinery;  Reciprocating  Pumps;  Hydraulic  Power  Transmission:  Hydraulic 
Mining;  Canals;  Ditches:  Conduits  and  Pipe  Lines;  Marine  Hydraulics;  Tidal  and 
Sea  Wave  Power,  etc.    320  pages.    Price  $4.50 

ICE  AND  REFRIGERATION 


POCKETBOOK  OF  REFRIGERATION  AND  ICE  MAKING.    By  A.  J. 

Wallis-Taylor. 

This  is  one  of  the  latest  and  most  comprehensive  reference  books  published  on  the 
subject  of  refrigeration  and  cola  storage.  It  explains  the  properties  and  refrigerating 
effect  of  the  different  fluids  in  use.  the  management  of  refrigerating  machinery  and  the 
construction  and  insulation  of  cold  rooms  with  their  required  pipe  surface  for  different 
degrees  of  cold  j  freezing  mixtures  and  non-freezing  brines,  temperatures  of  cold  rooms 
for  all  kinds  of  provisions,  cold  storage  charges  for  ail  classes  of  goods,  ice  making 
and  storage  of  ice.  data  and  memoranda  for  constant  reference  by  refrigerating  engineers, 
with  nearly  one  hundred  tables  containing  valuable  references  to  every  fact  and  con- 
dition required  in  the  installment  and  operation  of  a  refrigerating  plant.  New 
edition  Just  published.    Price  S2.00 

24 


Digitized  by  Google 


CATALOGUE  OF  GOOD,  PRACTICAL  BOOKS 


INVENTIONS— PATENTS 

—  * 

INVENTORS'  MANUAL,  HOW  TO  MAKE  A  PATENT  PAY. 

This  is  a  book  designed  as  a  guide  to  inventors  in  perfecting  their  inventions,  taking 
out  their  patents  and  disposing  of  them.  It  is  not  in  any  sense  a  Patent  Solicitor'* 
Circular  nor  a  Patent  Broker's  Advertisement.  No  advertisements  of  any  description 
appear  in  the  work.  It  is  a  book  containing  a  quarter  of  a  century's  experience  of  a 
successful  inventor,  together  with  notes  based  upon  the  experience  of  many  other 
Inventors. 

Among  the  subjects  treated  in  this  work  are:  How  to  Invent.  Flow  to  Secure  a 
Good  Patent.  Value  of  Good  Invention.  How  to  Exhibit  an  Invention.  How  to 
Interest  Capital.  How  to  Estimate  the  Value  of  a  Patent.  Value  of  Design  Patents. 
Value  of  Foreign  Patents.  Value  of  Small  Inventions.  Advice  on  Selling  Patents. 
Advice  on  the  Formation  of  Stock  Companies.  Advice  on  the  Formation  of  Limited 
Liability  Companies.  Advice  on  Disposing  of  Old  Patents.  Advice  as  to  Patent 
Attorneys.  Advice  as  to  Selling  Agents.  Forms  of  Assignments.  License  and  Con- 
tracts. State  Laws  Concerning  Patent  Rights.  1900  Census  of  tho  United  States  by 
Counts  of  Over  10.000  Population.  New  revised  and  enlarged  edition.  144  nages. 
Illustrated.  Price  $1.25 

KNOTS 


KNOTS,  SPLICES  AND  ROPE  WORK   By  A.  Hyatt  Verrill. 

This  is  a  practical  book  giving  complete  and  simple  directions  for  making  all  the  most 
useful  and  ornamental  knots  in  common  use.  with  chapters  on  Splicing.  Pointing. 
Seizing.  Serving,  etc.  This  book  is  fully  illustrated  with  one  hundred  and  fifty 
original  engravings,  which  show  how  each  knot,  tie  or  splice  is  formed,  and  its  appear- 
ance when  finished.  The  book  will  be  found  of  the  greatest  value  to  Campers,  Yachts- 
men. Travelers,  Boy  Scouts,  in  fact,  to  anyone  having  occasion  to  use  or  handle  rope 
or  knots  for  any  purpose  The  book  is  thoroughly  reliable  and  practical,  and  is  not 
only  a  guide,  but  a  teacher.  It  is  the  standard  work  on  the  subject.  Among  the 
content*  are:  1.  Cordage.  Kinds  of  Rope.  Construction  of  Rope,  Parts  of  Rope 
Cable  and  Bolt  Rope.  Strength  of  Rope.  Weight  of  Rope.  2.  Simple  Knots  and 
Bends.  Terms  Used  in  Handling  Rope.  Seizing  Rope.  3.  Ties  and  Hitches.  4. 
Noose,  Loops  and  Mooring  Knots.  5.  Shortenings.  Grommets  and  Salvages.  8. 
Lashings,  Seizings  and  Splices.  7.  Fancy  Knots  and  Rope  Work.  128  pages.  160 
original  engravings.    Price  $1.00 

LATHE  WORK 


LATHE  DESIGN,  CONSTRUCTION,  AND  OPERATION,  WITH  PRACTICAL 

EXAMPLES  OP  LATHE  WORK.  By  Oscar  E.  Perrigo. 

A  new  revised  edition,  and  the  only  complete  American  work  on  the  subject,  written 
by  a  man  who  knows  not  only  how  work  ought  to  be  done,  but  who  also  knows  how 
to  do  it.  and  how  to  convey  this  knowledge  to  others.  It  is  strictly  up-to-date  in  Its 
descriptions  and  illustrations.  Lathe  history  and  the  relations  of  the  lathe  to  manu- 
facturing are  given:  also  a  description  of  the  various  devices  for  feeds  and  thread 
cutting  mechanisms  from  early  efforts  in  this  direction  to  the  present  time.  Lathe 
design  is  thoroughly  discussed,  including  back  gearing,  driving  cones,  thread-cutting 

Sears,  and  all  the  essential  elements  of  the  modern  lathe.  The  classification  of  lathes 
i  taken  up,  giving  the  essential  differences  of  the  several  types  of  lathes  including, 
as  is  usually  understood,  engine  lathes,  bench  lathes,  speed  lathes,  forge  lathes,  gap 
lathes,  pulley  lathes,  forming  lathes,  multiple-spindle  lathes,  rapid-reduction  lathes, 
precision  lathes,  turret  lathes,  special  lathes,  electrically-driven  lathes,  etc.  In  addi- 
tion to  the  complete  exposition  on  construction  and  design,  much  practical  matter  on 
lathe  Installation,  care  and  operation  has  been  incorporated  in  the  enlarged  1915  edi- 
tion. All  kinds  of  lathe  attachments  for  drilling,  milling,  etc..  are  described  and 
complete  Instructions  are  given  to  enable  the  novice  machinist  to  grasp  the  art  of  lathe 
operation  as  well  as  the  principles  involved  in  design.    A  number  of  difficult  machining 
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operations  arc  described  at  length  and  illustrated.  The  new  edition  has  nearly  500 
pages  and  350  illustrations.    Price  S3. 00 

WHAT  13  SAID  OP  THIS  BOOK: 

M  This  is  a  lathe  book  from  beginning  to  end.  and  is  Just  the  kind  of  a  book  which  on* 
delights  to  consult. — a  masterly  treatment  of  the  subject  in  hand." — Engineering  Nex*. 

"This  work  will  be  of  exceptional  interest  to  anyone  who  is  interested  in  lathe  practice, 
as  one  very  seldom  sees  such  a  complete  treatise  on  a  subject  as  this  is  ou  the  lathe,"— 
Canadian  Machinery. 


LATHE  WORK  FOR  BEGINNERS.    By  Raymond  Francis  Yates. 

A  simple,  straightforward  textbook  for  those  desiring  to  learn  the  operation  of  a 
wood-turning  or  metal-turning  lathe.  The  first  chapter  tells  how  to  choose  a  latb<? 
and  all  of  the  standard  types  on  the  market  are  deserilwd.  Simple  and  more  advanced 
lathe  work  is  thorouglUy  covered  and  the  o|>eration  of  all  lathe  attachments  such  a.s 
millers,  grinders,  polishers,  etc..  is  described.  The  treatment  starts  from  the  very 
bottom  and  leads  the  reader  through  to  a  point  where  he  will  be  able  to  handle  the 
larger  commercial  machines  with  very  little  instruction.  The  last  chapter  of  the 
book  Is  devoted  to  things  to  make  on  the  lathe  and  includes  a  model  rapid-fire  naval 
gim.  Tliis  is  the  only  book  published  in  this  country  that  treats  lathe  work  from 
the  standpoint  of  the  amateur  mechanic.  H\2  illustrations.  About  250  pages  limo. 
Price  $2  00 


TURNING  AND  BORING  TAPERS.    By  Fred  H.  Colvin. 

There  are  two  ways  to  turn  tapers;  the  right  way  and  one  other.  This  treatise  has 
to  do  with  the  right  way;  it  tells  you  how  to  start  the  work  properly,  how  to  set  the 
lathe,  what  tools  to  use  and  how  to  use  them,  and  forty  ana  one  other  little  things 
that  you  should  know.    Fourth  edition.   Price  85  cent* 


LIQUID  AIR 


LIQUID  AIR  AND  THE  LIQUEFACTION  OF  GASES.  By  T.  O'Conor  Sloane. 

This  book  Kives  the  history  of  the  theory,  discovery,  and  manufacture  of  Liquid  Air. 
and  contains  an  illustrated  description  of  all  the  experiments  that  have  excited  the 
wonder  of  audiences  all  over  the  country.  It  shows  how  liquid  air.  like  water,  is 
carried  hundreds  of  miles  and  is  handled  In  open  buckets.  It  tells  what  may  be  ex- 
pected from  it  in  the  near  future. 

A  l>ook  that  renders  simple  one  of  the  most  perplexing  chemical  problems  of  the 
century.    Startling  developments  illustrated  by  actual  experiments. 

It  Is  not  only  a  work  of  scientific  Interest  and  authority,  but  is  Intended  for  the  general 
reader,  being  written  in  a  popular  style — easily  understood  by  every  one.  Third 
edition.    Revised  and  Enlarged.    394  pages.    1920  Edition.    Price   .    .    .  $3.00 


LOCOMOTIVE  ENGINEERING 


AIR-BRAKE  CATECHISM.    By  Robert  II.  Blackall. 

This  hook  is  a  standard  text  book.  It  covers  the  Wostlnghouse  Air-Brake  Equipment, 
including  the  No.  5  and  the  No.  <>  E.  T.  Locomotive  Brake  Equipment;  the  K  (Quirk 
Service)  Triple  Valve  for  Freight  Service;  and  the  Cross-Compound  Pump.  The 
operation  of  all  parts  of  the  apparatus  Is  explained  in  detail,  and  a  practical  way  of 
finding  their  peculiarities  and  defects,  with  a  proper  remedy,  is  given.  It  contains 
2.000  quiwtions  with  their  answers,  which  will  enable  any  railroad  man  to  pass  any 
examination  on  the  subject  of  Air  Brake*.  Endorsed  and  used  by  air-brake  instruc- 
tors and  examiners  on  nearly  everv  railroad  In  the  United  States.  27th  Edition.  411 
pagos,  fully  illustrated  with  colored  plates  and  diagrams.    Price.    .    ...  $2.50 
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COMBUSTION  OF  COAL  AND  THE  PREVENTION  OF  SMOKE.    By  Wit. 

M.  Barr. 

This  book  has  been  prepared  with  special  reference  to  the  generation  of  heat  by  the 
combustion  of  the  common  fuels  found  in  the  United  States  and  deals  particularly 
with  the  conditions  necessary  to  the  economic  and  smokeless  combustion  of  bituminous 
coal  in  Stationary  and  Locomotive  Steam  Boilers. 

Presentation  of  this  im|>ortant  subject  is  systematic  and  progressive.  The  ar- 
rangement of  the  book  is  in  a  series  of  practical  questions  to  which  are  appended 
accurate  answers,  which  descrilx?  in  language  free  from  technicalities  the  several 
processes  involved  in  the  furnace  combustion  of  American  fuels;  it  clearly  states  the 
essential  requisites  for  perfect  combustion,  and  points  out  the  best  methods  of  furnace 
construction  for  tbt&liuug  the  greatest  quantity  of  heat  from  any  given  quality  of 
coal.    Nearly  350  pages,  fully  illustrated.    Price  $1.50 

DIARY  OF  A  ROUND-HOUSE  FOREMAN.   By  T.  S.  Reilly. 

This  is  the  greatest  book  of  railroad  experiences  ever  published.  Containing  a  fund  of 
information  and  suggestions  along  the  line  of  handling  men.  organizing,  etc..  that  one 
cannot  aiford  to  miss.    17«  pages.    Price  $1-25 

LINK  MOTIONS,  VALVES  AND  VALVE  SETTING.   By  Fred  H.  Colvin, 
Associate  Editor  of  American  Machinist. 

A  handy  book  for  the  engineer  or  machinist  that  clears  up  the  mysteries  of  valve 
setting.  Shows  the  different  valve  gears  in  use.  how  they  work,  and  why.  Piston 
and  slide  valves  of  different  tyi>es  are  illustrated  and  explained.  A  book  that  every 
railroad  man  in  the  motive  power  department  ought  to  have.  Contains  chanters  on 
Locomotive  Link  Motion.  Valve  Movements.  Setting  Slide  Valves.  Analysis  by 
Diagrams.  Modern  Practice.  Slip  of  Block.  Slice  Valves.  Piston  Valves.  Setting  Piston 
Valves.  Joy-Allen  Valve  dear,  Walsehaert  Valve  Gear,  Gooch  Valve  Gear,  Alfree- 
Hubbell  Valve  Gear.  etc..  etc.    Fully  illustrated.    Price  75  cents 

LOCOMOTIVE  BOILER  CONSTRUCTION.   By  Frank  A.  Kleixhans. 

The  construction  of  boilers  in  general  is  treated,  and.  following  this,  the  locomotive 
boiler  is  taken  up  in  the  order  in  which  its  various  parts  go  through  the  shop.  Shows 
all  types  of  lioilers  used;  gives  details  of  construction;  practical  facts,  such  as  life  of 
riveting,  punches  and  dies:  work  done  per  day.  allowance  for  bending  and  flanging 
sheets,  and  other  data.  Including  the  recent  Ix*comotive  Boiler  Inspection  Laws 
and  Examination  Questions  with  their  answers  for  Government  Inspectors.  Contains 
chapters  on  Laying  Out  Work;  Flanging  and  Forging;  Punching;  Shearing:  Plate 
Planing;  General  Tables;  Finishing  Parts;  Bending;  Machinery  Parts;  Riveting; 
Boiler  Details;  Smoke,  Box  Details;  Assembling  and  Calking;  Boiler  Shop 
Machinery,  etc.,  etc. 

Then*  Isn't  a  man  who  has  anything  to  do  with  boiler  work,  either  new  or  repair  work, 
who  doesn't  need  this  book.  The  manufacturer,  superintendent,  foreman,  and  boiler 
worker— all  need  it.  No  matter  what  the  tyne  of  boiler,  you'll  And  a  mint  of  Informa- 
tion that  you  wouldn't  be  without.  Over  400  pages.  live  large  folding  plates. 
Price  $3.50 

LOCOMOTIVE  BREAKDOWNS  AND  THEIR  REMEDIES.  By  Geo.  L. 
Fowler.  Revised  by  YVm.  W.  Wood,  Air-Brake  Instructor.  Just  issued. 
Revised  [>oeket  edition. 

It  Is  out  of  the  question  to  try  and  tell  you  about  every  subject  that  Is  covered  in  this 
pocket  edition  of  Locomotive  Breakdowns.  Just  Imagine  all  the  common  troubles 
that  an  engineer  may  expect  to  happen  some  time,  and  then  add  all  of  the  unexi>ected 
ones,  troubles  that  could  occur,  but  that  you  have  never  thought  about,  and  you  will 
find  that  they  are  all  treated  with  the  very  Ix-st  methods  of  repair.  Walschaert 
Loeomotive  Valve  Gear  Troubles.  Fleet ric  Headlight  Troubles,  as  well  as  Questions 
a?id  Answers  on  the  Air  Brake  are  all  included.  312  pages.  8th  Revised  Edition. 
Fully  illustrated  J  1.60 


LOCOMOTIVE  CATECHISM.    By  Robebt  Grimshaw. 

*ate< 
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The  revised  edition  of  "Locomotive  Catechism."  by  Robert  Grimshaw,  Is  a  New  Book 
from  Cover  to  Cover.    It  contains  twice  as  many  pages  and  double  the  number  of 
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illustrations  of  previous  editions.  Includes  the  greatest  amount  of  practical  informa- 
tion ever  published  on  the  construction  and  management  of  modern  locomotives. 

Prepan-d  Chanters  on  the  Walsehaert  locomotive  Valve  Gear,  the  Air- 


Brake  Equipment  and  the  Electric  Headlight  are  given. 

It  commends  itself  at  once  to  every  Engineer  and  Fireman,  and  to  all  who  are  coin*.  In 
for  examination  or  promol  ion .  1  n  plain  language,  with  full,  complete  answers,  not  only 
all  the  questions  asked  by  the  examining  engineer  are  given,  but  those  which  the 
young  and  less  experienced  would  ask  the  veteran,  and  which  old  hands  ask  as  "stick- 
ers." It  is  a  veritable  Encyclopedia  of  the  Locomotive,  is  entirely  free  from  mathe- 
matics, easily  understood  and  thoroughly  up-to-date.  Contains  over  4.000  Examina- 
tion Questions  with  their  Answers.  825  pages.  437  Illustrations  and  three  folding 
2Sth  Revised  Edition.    Price  $2.50 


APPLICATION  OF  HIGHLY  SUPERHEATED  STEAM  TO  LOCOMOTIVES. 

By  Robert  Garbe. 

A  practical  book  which  cannot  be  recommended  too  highly  to  those  motive-power 
men  who  are  anxious  to  maintain  the  highest  efficiency  in  their  locomotives.  Con- 
tains special  chapters  on  Generation  of  Highly  Superheated  Steam:  Superheated  Steam 
and  the  Two-Cylinder  simple  Engine:  Compounding  and  Superheating:  Designs  of 
Locomotive  Superheaters:  Constructive  Details  of  Locomotives  Lsing  Highly 
Su|x*rheatod  Steam.  Experimental  and  Working  Results.  Illustrated  with  folding 
plates  and  tables.    Cloth.    Price  $3.00 

PRACTICAL  INSTRUCTOR  AND  REFERENCE  BOOK  FOR  LOCOMOTIVE 

FIREMEN  AND  ENGINEERS.    By  Chas.  F.  Lockhart. 

An  entirely  new  book  on  the  Locomotive.  It  appeals  to  every  railroad  man.  as  it 
tells  him  how  things  are  done  and  the  right  way  to  do  them.  Written  by  a  man  who 
has  had  years  of  practical  experience  in  locomotive  shops  and  on  the  road  firing  and 
running.  The  information  given  in  this  book  cannot  be  found  in  any  other  similar 
treatise.  Eight  hundred  and  flftv-one  questions  with  their  answers  are  included, 
which  will  prove  specially  helpful  to  those  preparing  for  examination.  Practical 
information  on:  The  Construction  and  Operation  of  Ijocomotives:  Breakdowns  and 
their  Remedies;  Air  Brakes  and  Valve  Gears.  Rules  and  Signals  are  handled  in  a 
thorough  manner.  As  a  book  of  reference  it  cannot  be  excelled.  The  book  Ls  di%ided 
into  six  parts,  as  follows:  1.  The  Fireman's  Duties.  2.  General  Description  of  the 
Locomotive.  3.  Breakdowns  and  their  Remedies.  4.  Air  Brakes.  5.  Extracts 
from  Standard  Rules.  0.  Questions  for  Examination.  The  851  questions  have  been 
carefully  selected  and  arranged.  These  cover  the  examinations  required  by  the 
different  railroads.    368  pages.    88  illustrations.    Price  $2.00 

PREVENTION  OF  RAILROAD  ACCIDENTS,  OR  SAFETY  IN  RAILROADING. 

By  George  Bradshaw. 

This  book  Ls  a  heart-to-heart  talk  with  Railroad  Employees,  dealing  with  facts,  not 
theories,  and  showing  the  men  in  the  ranks,  from  every-day  exj>erience.  how  accidents 
occur  and  how  they  may  be  avoided.  The  book  is  illustrated  with  seventy  original 
photographs  and  drawings  showing  the  safe  and  unsafe  methods  of  work.  No  vision- 
ary schemes,  no  ideal  pictures.  Just  plain  facts  and  Practical  Suggestions  are  given. 
Every  railroad  employee  who  reads  the  book  is  a  better  and  safer  man  to  have  in 
railroad  service.  It  gives  just  the  information  which  will  be  the  means  of  preventing 
many  injuries  and  deaths.  All  railroad  employees  should  procure  a  copy:  read  it. 
and  do  your  part  in  preventing  accidents.  109  pages.  Pocket  size.  Fully  illustrated. 
Price  60  cents 

TRAIN  RULE  EXAMINATIONS  MADE  EASY.   By  G.  E.  Collingwood. 

This  is  the  only  practical  work  on  train  rules  in  print.  Every  detail  Is  covered,  awl 
puzzling  points  are  explained  In  simple,  comprehensive  language,  making  it  a  practical 
treatise  for  the  Train  Dispatcher.  Engineman.  Trainman,  and  all  others  who  have  to 
do  with  the  movements  of  trains.  Contains  complete  and  reliable  information  of  the 
Standard  Code  of  Train  Rules  for  single  track.  Shows  Signals  in  Colors,  as  used  on 
the  different  roads.  Explains  fully  the  practical  application  of  train  orders,  giving  a 
clear  and  definite  understanding  of  all  orders  which  may  be  used.  The  meaning  and 
necessity  for  certain  rules  are  explained  in  such  a  manner  that  the  student  may  know 
beyond  a  doubt  the  rights  conferred  under  any  orders  he  may  receive  or  the  action 
required  by  certain  rules.  As  nearly  all  roads  require  trainmen  to  pass  regular  exami- 
nations, a  complete  set  of  examination  questions,  with  their  answers,  are  ' 
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These  will  enable  the  student  to  pass  the  requlred_e.\a?nination.s  with  credit  to  himself 
and  the  road  for 
in  Colors.  Price 


and  the  road  for  which  he  works.    250  pages.    Fully  illustrated  with  Train  Signals 

 $1.50 


THE  WALSCHAERT  AND  OTHER  MODERN  RADIAL  VALVE  GEARS  FOR 
LOCOMOTIVES.    By  Wm.  W.  Wood. 

If  you  would  thoroughly  understand  the  Walschaert  Valve  Gear  you  should  possess  a 
copy  of  this  book,  as  the" author  takes  the  plainest  form  of  a  steam  engine — a  stationary 
engine  in  the  rough,  that  will  only  turn  its  crank  in  one  direction— and  from  it  builds 
up— with  the  reader's  help— a  modern  locomotive  equipped  with  the  Walschaert 
Valve  Gear,  complete.  The  points  discussed  are  clearly  illustrated;  two  large  folding 
plates  that  show  the  positions  of  the  valves?  of  both  inside  or  outside  admission  type,  as 
well  as  the  links  and  other  parts  of  the  gear  when  the  crank  is  at  nine  different  points 
in  its  revolution,  are  especially  valuable  in  making  the  movement  clear.  These  employ 
sliding  cardboard  models  which  are  contained  In  a  pocket  in  the  cover. 

The  lx>ok  is  divided  into  five  general  divisions,  as  follows:  1.  Analysis  of  the  gear. 
2.  Designing  and  erecting  the  gear.  3.  Advantages  of  the  gear.  4.  Questions  and 
answers  relating  to  the  Walschaert  Valve  Gear.  5.  Setting  valves  with  the  Wal- 
schaert Valve  (iear;  the  three  primary  types  of  locomotive  valve  motion;  modern 
radial  valve  gears  other  than  the  Walschaert:  the  Hobart  All-free  Valve  and  Valvo 
Gear,  with  questions  and  answers  on  breakdowns;  the  Baker-Pilliod  Valve  Gear;  the 
Improved  Baker-l'illiod  Valve  Gear,  with  questions  and  answers  on  breakdowns. 

The  questions  with  full  answers  given  will  be  especially  valuable  to  firemen  and  engi- 
neers In  preparing  for  an  examination  for  promotion.  245  pages.  Fourth  Revised 
1920  Edition.    Price  $2.60 

WESTINGHOUSE  E-T  AIR-BRAKE  INSTRUCTION  POCKET  BOOK.  By 

Wm.  VV.  Wood,  Air-Brakc  Instructor. 

Ilere  is  a  book  for  the  railroad  man.  and  the  man  who  alms  to  be  one.  It  is  without 
doubt  the  only  complete  work  published  on  tho  Wostinghouse  E-T  Locomotive  Brake 
Equipment.  Written  by  an  Air-Brake  Instructor  who  knows  just  what  is  needed.  It 
covers  the  subject  thoroughly.  Everything  about  the  New  Westinghouse  Engine  and 
Tender  Brake  Equipment,  including  the  standard  No.  5  and  the  Perfected  No.  6 
style  of  brake.  Is  treated  in  detail.  Written  In  plain  English  and  profusely  illustrated 
with  Colored  Plates,  which  enable  one  to  trace  the  flow  of  pressures  throughout  the 
entire  equipment.  The  liest  book  ever  published  ou  the  Air  Brake.  Equally  good  for 
the  )>eginner  and  the  advanccxl  engineer.  Will  pass  any  one  through  any  examination. 
It  informs  and  enlightens  you  on  every  point.  Indispensable  to  every  engineman  and 
trainman. 

Contains  examination  questions  and  answers  on  the  E-T  equipment.  Covering  what 
the  E-T  Brake  is.  How  It  should  be  operated.  What  to  do  when  defective.  Not  a 
question  can  be  asked  of  the  engineman  up  for  promotion,  on  either  the  No.  5  or  the 
No.  G  E-T  equipment,  that  is  not  asked  and  answered  in  the  book.  If  you  want  to 
thoroughly  understand  tho  E-T  equipment  get  a  copy  of  this  book.  It  covers  every 
detail.  Makes  Air-Brake  troubles  and  examinations  easy.  Second  Revised  and 
Enlarged  Edition,  1920.    Price  $2.50 


MACHINE-SHOP  PRACTICE 


AMERICAN  TOOL  MAKING  AND  INTERCHANGEABLE  MANUFACTUR- 
ING.   By  J.  V.  Woodworth. 

A  "shoppy"  book,  containing  no  theorizing,  no  problematical  or  experimental  devices, 
there  are  no  badly  proportioned  and  impossible  diagrams,  no  catalogue  cuts,  but  a 
valuable  collection  or  drawings  and  descriptions  of  devices,  tho  rich  fruits  of  the  author's 
own  experience.  In  its  500-odd  pages  tho  one  subject  only.  Tool  Making,  and  what- 
ever relates  thereto,  is  dealt  with.  Tho  work  stands  without  a  rival.  It  Is  a  complete 
practical  treatise  on  the  art  of  American  Tool  Making  and  system  of  interchangeable 
manufacturing  as  carritHl  on  to-day  In  the  United  States.  In  it  are  desert  l>ed  and 
illustrate  all  of  the  different  types  and  classes  of  small  tools,  fixtures,  devices,  and 
special  appliances  which  are  in  general  use  In  all  machine-manufacturing  and  metal- 
working  establishments  where  economy,  capacity,  and  interchangcabllity  in  the  pro- 
duction of  machined  metal  parts  are  Imperative.  The  science  of  jig  making  Is  exhaus- 
tively discussed,  and  particular  attention  is  paid  to  drill  jigs,  boring,  profiling  and  milling 
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fixtures  and  other  devices  In  which  the  parts  to  be  machined  are  located  and  fastened 
within  the  contrivances.  All  of  the  tools,  fixtures,  and  devices  illustrated  and  de- 
scribed have  been  or  are  used  for  the  actual  production  of  work,  such  as  parts  of  drill 
presses,  lathes,  patented  machinery,  typewriters,  electrical  apparatus,  mechanical  ap- 
pliances, brass  goods,  composition  parts,  mould  products,  sheet  metal  articles,  drop- 
forgings.  jewelry,  watches,  medals,  coins,  etc.    531  pages.    Price  ....  $4.50 

MACHINE-SHOP  ARITHMETIC.    By  Colvin-Chenet. 

This  is  an  arithmetic  of  the  things  you  have  to  do  with  daily.  It  tells  you  plainly 
about:  how  to  find  areas  in  figures;  how  to  find  surface  or  volume  of  balls  or  spheres: 
handy  ways  for  calculating:  about  compound  gearing:  cutting  screw  threads  on  any 
lathe;  drilling  for  taps;  speeds  of  drills;  taps,  emery  wheels,  grindstones,  milling 
cutters,  etc.  :  all  about  the  Metric  system  with  conversion  tables;  properties  of  metals: 
strength  of  bolts  and  nuts:  decimal  equivalent  of  an  inch.  All  sorts  of  machine-shop 
figuring  and  1.001  other  things,  any  one  of  which  ought  to  be  worth  more  than 
the  price  of  this  book  toyou,  and  it  saves  you  the  trouble  of  bothering  the  boss.  6th 
edition.    131  pages.    Price  75  cents 

MODERN  MACHINE-SHOP  CONSTRUCTION,  EQUIPMENT  AND  MAN- 
AGEMENT.   By  Oscar  E.  Perrigo. 

The  only  work  published  that  describes  the  Modern  Shop  or  Manufacturing  Plant 
from  the  time  the  grass  is  growing  on  the  site  Intended  for  It  until  the  finished  product 
is  shipped.  Just  the  book  needed  by  those  contemplating  the  erection  of  modern  shop 
buildings,  the  rebuilding  and  reorganization  of  old  ones,  or  the  introduction  of  Modern 
Shop  Methods,  time  and  cost  systems.  It  is  a  book  written  and  illustrated  by  a  prac- 
tical shop  man  for  practical  shop  men  who  are  too  busy  to  read  theories  and  want  facts. 
It  is  the  most  complete  all-round  l>ook  of  its  kind  ever  published.  400  large  quarto 
res.  225  original  and  specially-made  illustrations.  2d  Revised  and  Enlarged 
ition.   Price  $5.00 

"SHOP  KINKS."    By  Robert  Grimbhaw. 

A  book  of  400  pages  and  222  illustrations,  being  entirely  different  from  any  other 
book  on  machine-shop  practice.  Departing  from  conventional  stylo,  the  author 
avoids  universal  or  common  shop  usage  and  limits  his  work  to  showing  special  ways 
of  doing  things  better,  more  cheaply  and  more  rapidly  than  usual.  As  a  result  the 
advanced  methods  of  representative  establishments  of  the  world  are  placed  at  the 
disposal  of  the  reader.  This  book  shows  the  proprietor  where  large  savings  are  possible, 
ana  how  products  may  be  improved.    To  the  employee  it  holds  out  suggestions  that. 

{roperly  applied,  will  hasten  his  advancement.  No  shop  can  afford  to  be  without  it. 
t  bristles  with  valuable  wrinkles  and  helpful  suggestions.  It  will  benefit  all.  from 
apprentice  to  proprietor.  Every  machinist,  at  any  age,  should  study  its  pages.  Fifth 
edition.   Price  $3.00 

THREADS  AND  THREAD  CUTTING.    By  Colvin  and  Stabel. 

This  clears  up  many  of  the  mysteries  of  thread-cutting,  such  as  double  and  triple 
threads,  internal  threads,  catching  threads,  use  of  hobs,  etc.  Contains  a  lot  of  useful 
hints  and  several  tables.    Third  edition.    Price  35  cents 

EVERYDAY  ENGINEERING— THE  BEST  MECHANICAL  MAGAZINE  ON 
THE  MARKET.  ONLY  TWO  DOLLARS  A  YEAR  FOR  TWELVE 
NUMBERS.    SUBSCRIBE  TO-DAY. 

Every  practical  man  needs  a  magazine  which  will  tell  him  how  to  make  and  do  things. 
A  monthly  magazine  devoted  to  practical  mechanics  for  every-day  men.  Its  aim  is 
to  popularize  engineering  as  a  science,  teaching  the  elements  of  applied  mechanics 
and  electricity  in  a  straightforward  and  understandable  manner.  The  magazine 
maintains  its  own  experimental  laboratory,  where  the  devices  described  in  articles 
submitted  to  the  Editor  are  first  tried  out  and  tested  before  they  are  published.  Thii 
important  innovation  places  the  standard  of  the  published  material  very  high,  and 
it  insures  accuracy  and  dependability. 

The  magazine  Is  the  only  one  in  this  country  that  specializes  in  practical  model  build- 
ing. Articles  in  past  issues  have  given  comprehensive  designs  for  many  model  boats, 
including  submarines  and  chasers,  model  steam  and  gasoline  engines,  electric  motori 
and  generators,  etc.,  etc.    This  feature  is  a  permanent  one  iu  the 
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Another  popular  department  is  that  devoted  to  automobiles  and  airplanes.  Care, 
maintenance,  and  operation  receive  full  and  authoritative  treatment.  Every  article 
is  written  from  the  practical,  every -day  man  standpoint,  rather  than  from  that  of  the 
professional. 

The  magazine  entertains  while  it  instructs.  It  is  a  journal  of  practical,  dependable 
information,  given  in  a  style  that  it  may  be  readily  assimilated  and  applied  by  the 
man  with  little  or  no  technical  training.  The  aim  is  to  place  before  the  man  who 
leans  toward  practical  mechanics  a  series  of  concise,  crisp,  readable  talks  on  what 
is  going  on  and  how  it  is  done.  These  articles  are  profusely  illustrated  with  clear, 
snappy  photographs,  specially  posed  to  illustrate  the  subject  in  the  magazine's  own 
studio  by  its  own  staff  of  technically-trained  illustrators  and  editors. 

The  subscription  price  of  the  magailne  Is  12.00  per  year  of  twelve  numbers. 
Sample  copy  sent  on  receipt  of  twenty  cents. 

Enter  your  subscription  to  this  practical  magazine  with  us. 


THE  WHOLE  FIELD  OF  MECHANICAL  MOVEMENTS 
COVERED  BY  MR.  HISCOX'S  TWO  BOOKS 


We  publish  two  books  by  Gardner  D.  Hiscoz  that  will  keep  you  from  "inventing"  things 
thai  hope  been  done  before,  and  suggest  ways  of  doing  things  that  you  hare  not  thought  of 
before.  Many  a  man  spends  time  and  money,  pondering  over  some  mechanical  problem, 
only  to  learn,  after  he  has  solved  the  problem,  that  the  same  thing  has  been  accomplished 
and  put  in  practice  bu  others  long  before.  Time  and  money  spent  in  an  effort  to  accom- 
plish what  has  already  been  accomplished  are  time  and  money  LOST.  The  whole  field 
of  mechanics,  every  known  mechanical  movement,  and  practically  every  device  is  covered 
by  these  two  books.  If  the  thing  you  want  has  been  invented,  it  is  illustrated  in  them.  If 
it  hasn't  been  invented,  then  you'll  find  in  them  the  nearest  things  to  what  you  want,  some 
movements  or  devices  that  will  apply  in  your  case,  perhaps;  or  which  will  give  you  a  key 
from  which  to  work.  No  6<k>*  or  set  of  books  ever  published  is  of  more  real  value  to  the 
Inventor,  Draftsman,  or  practical  Mechanic  than  the  two  volumes  described  below. 


MECHANICAL  MOVEMENTS,  POWERS,  AND  DEVICES.   By  Gardner  D. 
Hiscox. 

This  is  a  collection  of  1.890  engravings  of  different  mechanical  motions  and  appliances, 
accompanied  by  appropriate  text,  making  it  a  book  of  great  value  to  the  inventor, 
the  draftsman,  and  to  all  readers  with  mechanical  tastes.  The  book  is  divided  into 
eighteen  sections  or  chapters,  in  which  the  subject-matter  is  classified  under  the  follow- 
ing heads:  Mechanical  Powers;  Transmission  of  Power;  Measurement  of  Power; 
Steam  Power;  Air  Power  Appliances;  Electric  Power  and  Construction.  Navigation 
and  Roads:  Gearing;  Motion  and  Devices;  Controlling  Motion;  Horological; 
Mining;  Mill  and  Factory  Appliances;  Construction  and  Devices;  Drafting  Devices: 
Miscellaneous  Devices,  etc.    15th  edition  enlarged.  400  octavo  pages.  Price  .  $4.00 

MECHANICAL  APPLIANCES,  MECHANICAL  MOVEMENTS  AND  NOVEL- 
TIES OF  CONSTRUCTION.    By  Gardner  D.  Hiscox. 

This  is  a  supplementary  volume  to  the  one  upon  mechanical  movements.  Unlike  the 
first  volume,  which  is  more  elementary  in  character,  this  volume  contains  illustrations 
and  descriptions  of  many  combinations  of  motions  and  of  mechanical  devices  and 
appliances  found  in  different  lines  or  machinery,  each  device  being  shown  by  a  line 
drawing  with  a  description  showing  its  working  parts  and  the  method  of  operation. 
From  the  multitude  of  devices  described  and  illustrated  might  be  mentioned,  in 
passing,  such  items  as  conveyors  and  elevators.  Prony  brakes,  thermometers,  various 
types  of  boiler*,  solar  engines,  oil-fuel  burners,  condensers,  evaporators,  Corliss  and 
other  valve  gears,  governors,  gas  engines,  water  motors  of  various  descriptions,  air- 
ships, motors  and  dynamos,  automobile  and  motor  bicycles,  railway  lock  signals, 
car  couplers,  link  and  gear  motions,  ball  bearings,  breech  block  mechanism  for  heavy 
gun§.  and  a  large  accumulation  of  others  of  equal  importance.  1.000  specially  made 
engravings.    396  octavo  pages.    4th  Edition  enlarged.    Price  IS4.00 
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MACHINE-SHOP  TOOLS  AND  SHOP  PRACTICE.   By  W.  H.  Vandervoort. 

A  work  of  55o  pages  and  073  illustrations,  describing  in  every  detail  the  construction, 
operation,  and  manipulation  of  both  hand  and  machine  tools.  Include*  chapters 
on  tiling,  fitting,  and  scraping  surfaces:  on  drills,  reamers,  taps,  and  dies:  the  lath* 
and  Its  tools:  planers,  shapers,  and  their  tools:  milling  machines  and  cutters:  gear 
cutters  and  gear  cutting:  drilling  machines  and  drill  work;  grinding  machines  and 
their  work;  hardening  and  tomi>erlng;  gearing,  belting,  and  transmission  machinery 
useful  data  and  tables,    oth  edition.    Price  $4.50 


COMPLETE  PRACTICAL  MACHINIST.    By  Joshua  Rose. 

The  new.  twentieth  revised  and  enlarged  edition  is  now  ready.  This  is  one  of  the 
best -known  Inxiks  on  machine-shop  work,  and  written  for  the  praetieal  workman 
in  the  language  of  the  workshop.  It  gives  full,  practical  instructions  on  the  use  of 
all  kinds  of  metal-working  tools.  Itoth  hand  and  machine,  and  tells  how  the  work 
should  l>e  properly  done.  It  rovers  lathe  work,  vise  work,  drills  and  drilling,  taps 
and  dies,  harden  inn  and  temj>ering.  the  making  and  use  of  tools,  tool  grinding,  niark- 
ing  out  work,  machine  tools,  etc.  No  machinist  s  library'  is  complete  without  this 
volume.    517  pages.  432  illustrations.     1920.    Price  $3.00 


HENLEY'S  ENCYCLOPEDIA  OF  PRACTICAL  ENGINEERING  AND  ALLIED 
TRADES.    Edited  by  Josepu  G.  Hornek,  A.M.I.Mech.E. 

This  l>ook  covers  the  entire  practice  of  Civil  and  Mechanical  Engineering.  The 
best  known  experts  in  all  branches  of  engineering  have  contributed  to  these  volumes. 
The  CyelojKKiUi  is  admirably  well  adapted  to  the  needs  of  the  beginner  and  the  self- 
taught'  praetieal  man.  as  well  as  the  mechanical  engineer,  designer,  draftsman,  shop 
sujH'rinteinlent.  foreman  and  machinist. 

It  is  a  modern  treatise  in  five  volumes.  Handsomely  bound  in  half  morocco,  each 
volume  containing  nearly  .r>tX)  pages,  with  thousands  of  illustrations,  including  dia- 
grammatic and  sectional  drawings  with  full  explanatory  details.  For  the  complete 
set  of  live  volumes.    Price  $30.00 


MODEL  MAKING  Including  Workshop  Practice,  Design  and  Construction  of 
Models.  Edited  by  Raymond  F.  Yates.  Editor  of  "Everyday  Engineering 
Magazine." 

This  l>ook  floes  not  describe  the  construction  of  toys.  Its"pages  are  devoted  to  mode, 
engineering  and  the  mechanical  sciences  associated  with  it.  It  contains  descriptions 
with  illustrations  of  the  complete  models  made  by  some  of  the  leading  model  engineers 
in  this  country.  It  is  the  only  book  published  on  this  important  subject. 
The  firvt  part  of  the  book  is  devoted  to  the  mechanical  sciences  and  processes  related 
to  model  engineering  and  mechanics  in  general.  To  the  inexperienced  workman,  who 
■wishes  t<>  make  models  but  is  untrained  in  the  fundamental  mechanics,  this  book  will 
alTord  all  the  information  neoessary.  For  the  experienced  mechanic,  there  are  many 
hints  and  short  cuts  that  will  be  found  helpful.  Few  mechanics,  no  matter  how  well 
trained,  know  how  to  make  their  own  patterns.  Yet  a  complete  treatise  on  this  im- 
port ant  craft  is  given.  The  same  holds  true  in  regard  to  the  intelligent  use  of  abrasives 
in  t  he  home  shop.  This.  too.  is  completely  covered  in  a  way  that  will  not  only  help  the 
beginner  but  teach  the  trained  man  a  few  things  that  he  may  not  have  understood 
before.  In  short .  the  fore  part  of  the  book  will  prepare  men  to  more  thoroughly  under- 
stand the  processes  connected  with  model  making  no  matter  what  their  standing. 

This  book  will  help  you  to  become  a  better  mechanic.  It  is  full  of  suggestions  for  those 
who  like  to  make  tilings,  amateur  and  professional  alike.  It  hasfbeen  prepared  es- 
pecially for  men  with  mechanical  hobbies.  Some  may  be  engineers,  machinists.  Jew- 
elers, pattern  makers,  office  clerks  or  bank  presidents.  Men  from  various  walks  of 
life  have  a  peculiar  interest  in  model  engineering.  Model  Making  will  be  a  help  and 
an  inspiration  to  such  men.  It  tells  them  "how-to-do"  and  "how-to-make"  things 
in  simple,  understandable  terms.  Not  only  this,  it  is  full  of  good,  clear  working 
drawings  and  photographs  of  the  models  and  apparatus  described.  Each  model  has 
been  constructed  and  actually  works  if  it  is  made  according  to  directions.  375  pages 
300  illustrations.    Price  $3.00 
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SHOP  PRACTICE  FOR  HOME  MECHANICS.  By  Raymond  Francis  Yates. 

A  thoroughly  practical  and  helpful  treatment  prepared  especially  for  those  who  have 
had  little  or*  no  experience  in  snop  work.  The  introduction  is  given  over  to  an  ele- 
mentary explanation  of  the  fundamentals  of  mechanical  science.  This  is  followed 
by  several  chapters  on  the  use  of  small  tools  and  mechanical  measuring  instruments. 
Elementary  and  more  advanced  lathe  work  is  treated  in  detail  and  directions  given 
for  the  construction  of  a  numl>er  of  useful  shop  appliances.  Drilling  and  reaming, 
heat  treatment  of  tool  steel,  special  lathe  operations,  pattern  making,  grinding,  and 
grinding  operations,  home  foundry  work.  etc..  make  up  the  rest  of  the  volume.  The 
book  omits  nothing  that  will  be  of  use  to  those  who  use  tools  or  to  those  who  wish 
to  learn  the  use  of  toots.  The  great  number  of  clear  engravings  (over  3(H))  add 
tremendously  to  the  text  matter  and  to  the  value  of  the  volume  as  a  visual  instructor. 
Octavo,  about  350  page*.    309  engravings.    Price  $3.00 


MARINE  ENGINEERING 


THE  NAVAL  ARCHITECT'S  AND  SHIPBUILDER'S  P0CKETB00K.  Of 

Formula',  Rules,  and  Tables  and  Marine  Engineer's  and  Surveyor's  Handy 
Book  of  Reference.    By  Clement  Mackkow  and  Lloyd  Woollard. 

The  eleventh  revised  and  enlarged  edition  of  this  most  comprehensive  work  has  just 
been  issued.  It  is  absolutely  indispensable  to  all  engaged  in  the  Shipbuilding  Industry, 
as  it  condemns  into  a  compact  form  all  data  and  formubejthat  are  ordinarily  required. 
The  book  is  completely  up  to  date,  including  among  other  subjects  a  section  on 
Aeronautics.    7">0  pages,  limp  leather  binding.    Price  $6.00 


MARINE  ENGINES  AND  BOILERS— THEIR  DESIGN  AND  CONSTRUC- 
TION. THE  STANDARD  BOOK.  By  Dr.  G.  Bauer,  Leslie  S.  Robertson 
and  S.  Bryan  Donkin. 

In  the  words  of  Dr.  Bauer,  the  present  work  owes  its  origin  to  an  oft  felt  want  of  a 
condensed  treatise  ernl>odying  the  theoretical  and  practical  rules  used  in  designing 
marine  engines  and  boilers  The  ni*ed  of  such  a  work  has  been  felt  by  most  en- 
gineer^ engaged  in  the  construe: ion  and  working  of  marine  engines,  not  only  by  the 
younger  men.  but  also  by  those  of  greater  experience.  The  fact  that  the  original 
German  work  was  written  by  the  chief  engineer  of  the  famous  Vulcan  Works,  Stettin, 
is  in  itself  a  guarantee  that  this  book  is  in  all  respects  thoroughly  up-to-date,  and 
that  it  embodies  all  the  information  which  is  necessary  for  the  design  and  construction 
of  the  highest  types  of  marine  engines  and  boilers.  It  may  be  said  that  the  motive 
power  which  Dr.  Bauer  has  placed  in  the  fast  (ierman  liners  that  have  been  turned 
out  of  late  years  from  the  Stettin  Works  represent  the  very  best  practice  in  marine, 
engineering  of  the  present  day.  The  work  is  clearly  written,  thoroughly  systematic, 
theoretically  sound:  while  the  character  of  the  plans,  drawings,  tallies,  and  statistics 
is  without  reproach.  The  illustrations  are  careful  reproductions  from  actual  working 
drawings,  with  some  well-executed  photographic  views  of  completed  engines  and 
boilers.    74  I  pages.  550  illustrations,  and  numerous  tables.    Cloth.    Price.  $10.00 


MODERN  SUBMARINE  CHART. 

A  cross-section  view,  showing  clearly  and  distinctly  all  the  Interior  of  a  Submarine 
of  the  latest  type.  You  get  more  information  from  this  chart  about  tho  construction 
and  operation  of  a  submarine  than  In  any  other  way.  No  details  omitted — every- 
Aing  is  accurate  and  to  scale.  It  is  absolutely  correct  in  every  detail,  having  been 
approval  by  naval  engineers.  All  the  machinery  and  devices  fitted  in  a  modern 
Submarine  Boat  are  shown,  and  to  make  the  engraving  more  readily  understood 
all  the  features  are  shown  in  operative  form,  with  Officers  and  Men  in  the  act  of  per- 
forming the  duties  assigned  to  them  in  service  conditions.  THIS  CHART  IS  REALLY 
AN  ENCYCLOPEDIA  OF  A  SUBMARINE.  It  la  educational  and  worth  many 
times  its  cost.    Mailed  In  a  tube  for  86  cents 
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MANUAL  TRAINING 

ECONOMICS  OF  MANUAL  TRAINING.   By  Louis  Rouillion. 

The  only  book  published  that  selves  just  the  information  needed  by  ail  interested  in 
Manual  Training.  regarding  Buildings.  Equipment,  and  Supplies.  Shows  exactly 
what  is  needed  for  all  grades  of  the  work  from  the  Kindergarten  to  the  High  and 
Normal  School.  Gives  itemized  lists  of  everything  used  in  Manual  Training  Work 
and  tells  just  what  it  ought  to  cost.  Also  shows  where  to  buy  supplies,  etc.  Contains 
174  pages,  and  is  fully  illustrated.    2d  edition.    Price  $2.00 

MINING 


PROSPECTOR'S  FIELD-BOOK  AND  GUIDE.    By  H.  S.  Osborn. 

Ninth  edition,  revised  and  enlarged  by  M.  W.  von  Bernewitz.  The  last  edition  of 
this  volume  was  published  in  1910.  It  and  the  previous  seven  editions  were  suitable 
for  those  times.  The  new  ninth  (1920)  edition  will  be  found  suitable  for  the  present 
time.  While  the  old-time  prospector  will  always  be  an  important  factor,  the  knowl- 
edge of  and  search  for  the  common  and  rarer  minerals  is  bringing  out  men  who  are 
trained  to  some  degree.  In  the  Held  they  need  a  handy  and  suggestive  pocket-book 
containing  hints  on  prospecting — where  to  search  and  how  to  test — couched  in  simple 
terms.  The  chapter  on  preliminary  instructions  covers  the  fundamentals  of  a  study 
of  the  earth's  crust.  Then  follow  discussions  on  practical  mineralogy,  crystallog- 
raphy, the  value  of  the  blowpipe  in  prospecting,  surveying,  and  chemical  tests  in 
the  held.  Separate  chapters  are  given  to  the  precious  and  base  metals,  also  to  the 
non-metallic  minerals.  The  chapter  on  the  non-ferrous  or  alloy  group  of  minerals 
is  entirely  new.  while  the  section  on  oil  has  been  expanded  Surftcial  indications  for 
copper  receive  full  attention.  The  chapter  on  gems  has  been  rewritten  and  matters 
concerning  genistones  used  for  industrial  purposes,  such  as  abrasives,  included.  A  gen- 
end  chapter  covers  many  useful  minerals  and  salts.  An  important  guide  and  sugges- 
tive aid  throughout  the  new  book  are  the  many  brief  descriptions  of  ore  deposits 
of  all  minerals  occurring  in  scattered  parts  of  the  world.  No  other  prospector's  book 
contains  this  class  of  information.  In  the  appendix  will  be  found  numbers  of  useful 
tables,  and  a  complete  Klossary  of  mining  and  mineralogical  terms.  The  ninth  edition 
of  Osborn's  Prospkctoh's  Field  Book  and  Guidk  will  be  found  up  to  date,  worth 
while,  and  full  value  for  tho  money  asked.  Flexiblo  fabrikoid.  375  i>agos.  iT 
illustrations.    Price  _  *3.00 

PATTERN  MAKING 

PRACTICAL  PATTERN  MAKING.    By  F.  W.  Barrows. 

This  book,  now  in  its  second  edition.  Is  a  comprehensive  and  entirely  practical  treatise 
on  the  subject  of  pattern  making,  illustrating  pattern  work  In  both  wood  and  metal, 
and  with  definite  instructions  on  the  use  of  plaster  of  Paris  in  the  trade.  It  gives 
specHlc  and  detailed  descriptions  of  the  materials  used  by  pattern  makers  and  de- 
scribes the  tools,  both  those  for  the  lxmch  and  the  more  Interesting  machine  tools: 
having  complete  chapters  on  the  Lathe,  the  Circular  Saw.  and  the  Band  Saw.  It  gives 
many  examples  of  pattern  work,  each  ouo  fully  illustrated  and  explained  with  much 
detail.  These  examples.  In  their  great  variety,  offer  much  that  will  be  found  of 
interest  to  all  pattern  makers,  and  especially  to  the  younger  ones,  who  are  seeking 
information  on  the  more  advanced  branches  of  their  trade. 

In  this  second  edition  of  the  work  will  be  found  much  that  is  new.  even  to  those  who 
have  long  practised  this  exacting  trade.  In  the  description  of  patterns  as  adapted 
to  the  Moulding  Machine  many  difficulties  which  have  long  prevented  the  rapid  and 
economical  production  of  castings  are  overcome:  and  this  great,  new  branch  of  the 
trade  is  given  much  space.  Stripping  plate  and  stool  plate  work  and  the  less  expen- 
sive vibrator,  or  rapping  plate  work,  are  all  explained  in  detail. 

Plain,  everyday  rules  for  lessening  the  cost  of  patterns,  with  a  complete  system  of 
cost  keeping,  a  detailed  method  of  marking,  applicable  to  all  branches  of  the  trade. 
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with  "omplete  information  showing  what  the  pattern  is.  Its  specific  title,  its  cast, 
date  jf  production,  material  of  which  it  is  made,  tho  number  of  pieces  and  core- 
boxes,  and  its  location  in  the  pattern  safe,  all  condensed  into  a  most  complete  card 
reco'd.  with  cross  index. 

The  book  closes  with  an  original  and  practical  method  for  the  Inventory  and  valua- 
tion of  patterns.    Containing  nearly  360  pages  and  170  illustrations.    Price  .  $2.60 


MOTOR  BOATS 


MOTOR  BOATS  AND  BOAT  MOTORS.  By  Victor  W.  Pag£  and  A.  C.  Leitch. 

All  who  are  interested  in  motor  boats,  either  as  owners,  builders  or  repairmen  will 
find  this  latest  work  a  most  comprehensive  treatise  on  tho  design,  construction,  opera- 
tion and  repair  of  motor  boats  and  their  power  .plants.  It  Is  really  two  complete 
books  in  one  cover  as  it  consists  of  two  parts,  each  complete  in  itself.  Part  One  deals 
with  Tub  Hull  and  Its  Fittings.  Part  Two  considers  The  Power  Plant  and  Its 
Auxiliaries.  A  valuable  feature  of  this  book  is  the  complete  set  of  dimensioned 
working  drawings  detailing  the  construction  of  Ave  different  types  of  boats  ranging 
from  a  16-foot  shallow  draft,  tunnel  stern  general  utility  craft  to  a  25-foot  cabin 
cruiser.  These  plans  are  by  A.  C.  Leitch.  a  practical  »>oat  builder  and  expert  naval 
architect  and  are  complete  in  every  particular.  Full  instructions  are  given  for  the 
selection  of  a  power  plant  and  its  installation  in  the  hull.  Valuable  advice  is  included 
on  boat  and  engine  operation  and  latest  designs  of  motors  are  described  and  illustrated. 
The  instructions  for  overhauling  boat  and  engine  are  worth  many  times  the  small 
cost  of  the  book.  It  is  a  comprehensive  work  of  reference  for  all  interested  in  motor 
boating  in  any  of  its  phases.  Octavo.  Cloth.  350  illustrations.  500  pages. 
Price  $3.00 


PERFUMERY 


PERFUMES  AND  COSMETICS,  THEIR  PREPARATION  AND  MANUFAC- 
TURE.   By  G.  W.  Askinson,  Perfumer. 

A  comprehensive  treatise,  in  which  there  has  been  nothing  omitted  that  could  be  of 
valuo  to  the  perfumer  or  manufacturer  of  toilet  preparations.  Complete  directions 
for  making  handkerchief  perfumes,  smelling-salts,  sachets,  fumigating  pastilles: 
preparations  for  tho  care  of  the  skin,  the  mouth,  the  hair,  cosmetics,  hair  dyes  and 
other  toilet  articles  are  given,  also  a  detailed  description  of  aromatic  substances:  their 
nature,  tests  of  purity,  and  wholesale  manufacture,  including  a  chapter  on  synthetic 
products,  with  formulas  for  their  use.  A  book  of  general,  as  well  as  professional  in- 
terest, meeting  the  wants  not  only  of  the  druggist  and  perfume  manufacturer,  but 
also  of  the  general  public.  Among  the  contents  are:  I.  The  History  of  Perfumery. 
2.  About  Aromatic  Substances  in  General.  3.  Odors  from  the  Vegetable  Kingdom. 
4.  The  Aromatic  Vegetable  Substances  Employed  in  Perfumery.  5-  The  Animal  Sub- 
stances Used  in  Perfumery.  6.  Tho  Chemical  roducts  Used  in  Perfumery.  7.  The  Ex- 
traction of  Odors.  8.  The  Special  Characteristics  of  Aromatic  Substances.  9.  The  Adul- 
teration of  Essential  Oils  and  Their  Recognition.  10.  Synthetic  Products.  11.  Table  of 
Physical  l»roportles  of  Aromatic  Chemicals.  12.  Tho  Essences  of  Extracts  Employed 
In  Perfumery.  13.  Directions  for  Making  the  Most  Important  Essences  and  Extracts. 
14.  The  Division  of  Perfumery.  15.  The  Manufacture  of  Handkerchief  Perfumes. 
16.  Formulas  for  Handkerchief  Perfumes.  17.  Ammoniacal  and  Acid  Perfumes. 
IK.  Dry  Perfumes.  19.  Formulas  for  Drv  Perfumes.  20.  The  Perfumes  Used  for 
Fumigation.  21.  Antlsentlc  and  Therapeutic  Value  of  Perfumes.  22.  Classification  of 
Odors.  23.  SomoSnecid  Perfumery  Products.  24.  Hygiene  and  Cosmetic  Perfumery. 
25.  Preparations  for  the  Care  of  the  Skin.  2f>.  Manufacture  of  Casein.  27.  Formulas 
for  Emulsions.  2-S.  Formulas  for  Cream.  29.  Formulas  for  Meals.  Pastes  and  Vege- 
table Milk.  30.  Preparations  Used  for  the  Hair.  31.  Formulas  for  Hair  Tonics  and 
Restorers.  32  Pomades  and  Hair  Oils.  33.  Formulas  for  the  Manufacture  of 
Pomades  and  Hair  Oils.  34.  Hair  Dyes  and  Depilatories.  35.  Wax  Pomades.  Bando- 
lines and  Brilllantinos.  36.  Skin  Cosmetics  and  Face  Lotions.  37.  Preparations  for 
the  Nails.  38.  Water  Softeners  and  Bath  Salts.  39.  Preparations  for  the  Care  of  the 
Mouth.    40.  The  Colors  Used  In  Perfumery.    41.  The  Utensils  Used  hi  the  Toilet. 
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Fourth  edition  much  enlarged  and  brought  up-to-date.  Nearly  400  pages,  illus- 
trated.   Price  $6.00 

WHAT  IS  SAID  OF  THIS  BOOK: 

"  The  most  satisfactory  work  on  the  subject  of  Perfumery  that  we  have  ever  seen. 
"  We  feel  safe  in  saying  that  here  is  a  book  on  Perfumery  that  will  not  disappoint  you. 
for  it  has  practical  and  excellent  formula;  that  are  within  your  ability  to  prepare 
readily. 

••  We  recommend  the  volume  as  worthy  of  confidence,  and  say  that  no  purchaser  will  be 
disappointed  in  securing  from  its  pages  good  value  for  its  cost,  and  a  large  dividend 
on  the  same,  even  if  he  should  use  but  one  per  cent  of  its  working  formulae  There 
is  money  in  it  for  every  user  of  its  information." — Pharmaceutical  Record. 

m 

HENLEY'S  TWENTIETH  CENTURY  BOOK  OF  RECIPES,  FORMULAS 
AND  PROCESSES.    Edited  by  G.  D.  Hisco.x. 

The  most  valuable  techno-chemlcal  receipt  book  published.  Contains  over  10.000 
practical  receipts,  many  of  which  will  prove  of  special  value  to  the 
perfumer.    Cloth  Bound.    Price  $4.00 

PLUMBING 


MECHANICAL  DRAWING  FOR  PLUMBERS.    By  R.  M.  Starbuck. 

A  concise,  comprehensive  and  practical  treatise  on  the  subject  of  mechanical  drawing 
in  its  various  modern  applications  to  the  work  of  all  who  are  in  any  way  connected 
with  tlie  plumbing  trade.  Nothing  will  so  help  the  plumber  in  estimating  and  in 
explaining  work  to  customers  and  workmen  as  a  knowledge  of  drawing,  and  to  the 
workman  it  is  of  inestimable  value  if  he  is  to  rise  above  his  position  to  positions  of 
greater  responsibility.  Among  the  chapters  contained  ore:  1.  Value  to  plumber  of 
knowledge  of  drawing;  tools  required  and  their  use;  common  views  needed  in  mechan- 
ical drawing.  2.  Perspective  versus  mechanical  drawing  in  showing  plumbing  con- 
struction. 3.  Correct  ami  incorrect  methods  in  plumbing  drawing;  plan  and  elevaUon 
explained.  4.  Floor  and  cellar  plans  and  elevation;  scale  drawings;  use  of  triangles. 
5.  Is.'  of  triangles;  drawing  of  linings,  traps,  etc.  0.  Drawing  plumbing  elevations 
and  lUtings.  7.  Instructions  in  drawing  plumbing  elevations.  8.  The  drawing  of 
plumbing  fixtures;  scale  drawings.  9.  Drawings  of  fixtures  and  fittings.  10.  Inking 
of  drawings.  11.  Shading  of  drawings.  12.  Shading  of  drawings.  13.  Sectional 
drawings;  drawing  of  threads.  14  Plumbing  elevations  from  architect's  plan.  15.  Ele- 
vations of  separate  parts  of  the  plumbing  system.  10.  Elevations  from  the  architect's 
plans.  17.  Drawings  of  detail  plumbing  connections.  IS.  Architect's  plans  and  plumb- 
ing elevations  of  residence.  10  Plumbing  elevations  of  residence  (continued):  plumb- 
ing plans  for  cottage.  20.  Plumbing  elevations;  roof  connections.  21.  Plans  and 
plumbing  elevations  for  six-flat  building.  22.  Drawing  of  various  parts  of  the  plumb- 
ing system;  use  of  scales.  2.1.  Use  of  architect's  scales.  24.  Special  features  in  the 
illustrations  of  country  plumbing.  2.Y  Drawing  of  wrought- iron  piping,  valves,  radia- 
tors, coils,  etc.  20.  Drawing  of  piping  to  illustrate  heating  systems.  150  illustrations. 
Price  $2.00 

MODERN  PLUMBING  ILLUSTRATED.   By  R.  M.  Starbuck. 

This  book  represents  the  highest  standard  of  plumbing  work.  It  has  been  adopted 
and  used  as  a  reference  book  bv  the  United  States  Government,  in  its  sanitary  work  in 
Cuba.  Porto  Rico,  and  the  Philippines,  and  by  the  principal  Boards  of  Health  of  the 
United  States  and  Canada. 

It  gives  connections,  sizes  and  working  data  for  all  fixtures  and  groups  of  fixtures.  It 
is  helpful  to  tin-  master  plumber  in  demonstrating  to  his  customers  and  in  figunng 
work.  It  gives  the  mechanic  and  student  quick  and  easy  access  to  the  best  modern 
plumbing  practice.  Suggestions  for  estimating  plumbing  construction  are  contained 
in  its  pages.  This  book  represents,  in  a  word,  the  latest  and  best  up-to-date  practice 
and  should  be  in  the  hands  of  every  architect,  sanitary  engineer  and  plumber  who 
wishes  to  keep  himself  up  to  the  minute  on  this  important  feature  of  construction. 
Contains  following  chapters,  each  illustrated  with  a  full-page  plate:  Kitchen  sink, 
laundry  tubs,  vegetable  wash  sink;  lavatories,  pantry  sinks,  contents  of  marble  slabs, 
bath  tub.  foot  and  sitz  bath,  shower  bath  ,  water  closets,  venting  of  water  closets;  low- 
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,  ^  water  closets,  water  closets  operated  by  flush  valves,  water  closet  range :  slop  sink, 
urinals,  the  bidet ;  hotel  and  restaurant  sink,  grease  trap;  refrigerators,  safe  wastes,  laun- 
dry waste,  lines  of  refrigerators,  bar  sinks,  soda  fountain  sinks;  horse  stall,  frost-proof 
water  closets;  connections  for  S  traps,  venting:  connections  for  drum  traps;  soil  pipe 
connections;  supporting  of  soil  pipe;  main  trap  and  fresh  air  inlet:  floor  drains  and 
cellar  drains,  subsoil  drainage;  water  closets  and  floor  connections,  local  venting; 
connections  for  bath  rooms;  connections  for  bath  rooms,  continued;  connections  for 
bath  rooms,  continued;  connections  for  bath  rooms,  continued;  examples  of  poor 
practice;  roughing  work  ready  for  test:  testing  of  plumbing  system;  method  of  con- 
tinuous venting;  continuous  venting  for  two-floor  work;  continuous  venting  for  two 
lines  of  fixtures  on  three  or  more  floors;  continuous  venting  of  water  closets;  plumb- 
ing for  cottage  house;  construction  for  cellar  piping;  plumbing  for  resilie  nce,  use  of 
special  fittings;  plumbing  for  two-flat  house;  plumbing  for  apartment  building,  plumb- 
ing for  double  apartment  building;  plumbing  for  office  building;  plumbing  for  public 
toilet  rooms:  plumbing  for  public  toilet  rooms,  continued:  plumbing  for  bath  estal>- 
lishmcnt;  plumbing  for  engine  house,  factory  plumbing;  automatic  flushing  for 
schools,  factories,  etc.;  use  of  flushing  valves;  urinals  for  public  toilet  rooms;  the 
Durham  system,  the  destruction  of  pipes  by  electrolysis;  construction  of  work  without 
use  of  lead;  automatic  sewage  lift  ;  automatic  sump  tank:  country  plumbing;  construc- 
tion of  cesspools;  septic  tank  and  automatic  sewage  siphon:  country  plumbing;  water 
supply  for  country  house;  thawing  of  water  mains  and  service  bv  electricity:  double 
boilers;  hot  water  supply  of  large  buildings;  automatic  control  of  hot  water  tank:  sug- 
gestion for  estimating  plumbing  construction.  407  octavo  pages,  fully  illustrated  by  08 
full-page  engravings.   Third.  re\ised  and  enlarged  edition  just  issued.   Price  .  $6.00 

STANDARD  PRACTICAL  PLUMBING.    By  R.  M.  Starbuck. 

A  complete  practical  treatise  of  150  pages  covering  the  subject  of  Modern  Plumbing 
in  all  its  branches,  a  large  amount  of  space  being  devoted  to  a  very  complete  and 
practical  treatment  of  the  subject  of  Hot  Water  Supply  and  Circulation  and  Range 
Boiler  Work.  Its  thirty  chapters  includo  about  every  phase  of  the  subject  one  can 
think  of.  making  it  an  indispensable  work  to  the  master  plumber,  the  journeyman 
plumber,  and  the  apprentice  plumber,  containing  chapters  on.  the  plumber's  tools; 
wiping  solder;  composition  and  use:  joint  wiping:  lead  work:  traps;  slphonage  of 
traps;  venting;  continuous  venting;  house  sewer  and  sewer  connections;  house  drain; 
soil  piping,  roughing;  main  trap  and  fresh  air  inlet:  floor,  yard,  cellar  drains,  rain 
leaders,  etc.;  fixture  wastes;  water  closets;  ventilation:  improved  plumbing  connec- 
tions; residence  plumbing;  plumbing  for  hotels,  schools,  factories,  stables,  etc.; 
modern  country  plumbing;  filtration  of  sewage  and  water  supply:  hot  and  cold 
supply;  range  boilers;  circulation:  circulating  pipes;  range  boiler  problems;  hot 
water  for  large  buildings:  water  lift  and  its  use;  multiple  connections  for  hot  water 
boilers;  heating  of  radiation  by  supply  system:  theory  for  the  plumber;  drawing  for 
the  plumber.    Fully  illustrated  by  347  engravings.    Price  S3. 60 

RECIPE  BOOK 


HENLEY'S  TWENTIETH  CENTURY  BOOK  OF  RECIPES,  FORMULAS  AND 
PROCESSES.   Edited  by  Gardner  D.  Hiaoox. 

The  most  valuable  Techno-chemical  Formula  Book  published,  including  over  10.000 
selected  scientific,  chemical,  technological,  and  practical  recipes  and  processes. 

This  is  tho  most  complete  Book  of  Formulas  ever  published,  giving  thousands  of 
recipes  for  the  manufacture  of  valuable  articles  for  everyday  use.  Hints.  Helps. 
Practical  Ideas,  and  Secret  Processes  are  revealed  within  its  pages.  It  covers  every 
branch  of  the  useful  arts  and  tells  thousands  of  ways  of  making  money,  and  is  just  the 
book  everyone  should  have  at  his  command. 

Modern  In  its  treatment  of  every  subject  that  properly  falls  within  its  scope,  the  book 
may  truthfully  be  said  to  present  the  very  latest  formulas  to  be  found  in  the  arts  and 
industries,  and  to  retain  those  processes  which  long  experience  has  proven  worthy  of  a 
permanent  record.  To  present  here  even  a  limited  number  of  tho  subjects  which  And 
a  place  in  this  valuable  work  would  be  difficult.  Suffice  to  say  that  in  Its  pages  will 
be  found  matter  of  Intense  Interest  and  immeasurably  practical  value  to  the  scientific 
amateur  and  to  him  who  wishes  to  obtain  a  knowledge  of  the  many  processes  used  in 
the  arts,  trades  and  manufacture,  a  knowledge  which  will  render  his  pursuits  more 
Instructive  and  remunerative.  Serving  as  a  reference  book  to  the  small  and  large 
manufacturer  and  supplying  intelligent  seekers  with  the  information  necessary  to 
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conduct  a  process,  the  work  will  be  found  of  inestimable  worth  to  the  Metallui-Rist.  the 

Photographer,  the  Perfumer,  the  Painter,  the  Manufacturer  of  Glues.  Pastes.  Ccmeob. 
and  Mucilages,  the  Compounder  of  Alloys,  the  Cook,  the  Physician,  the  Druggist,  the 
Electrician,  the  Brewer,  the  Engineer,  the  Foundry  man,  the  Machinist,  the  Potter,  the 
Tanner,  the  Confectioner,  the  Chiropodist,  the  Manicure,  the  Manufacturer  of  Chem- 
ical Novelties  and  Toilet  Preparations,  the  Dyer,  the  Electroplater,  the  Enameler.  the 
Engraver,  the  lYovisloner.  the  Glass  Worker,  the  Goldbeater,  the  Watchmaker,  the 
Jeweler,  the  Hat  Maker,  the  Ink  Manufacturer,  the  Optician,  the  Farmer,  the  Dairy- 
man, the  Pujmt  Maker,  the  Wood  and  Metal  Worker,  the  Chandler  and  Soap  Maker, 
the  Veterinary  Surgeon,  aud  the  Technologist  in  general. 

A  mine  of  Information,  and  up-to-date  In  every  respect.    A  book  which  will  prove  of 
value  to  EVERYONE,  as  it  covers  every  branch  of  the  Useful  Arts.    Every  home 
needs  this  book;  every  office,  every  factory,  every  store,  every  public  and  private  en- 
terprise ■ —  EVERYWHERE  —  should jbave  a  copy.     800  pages.     Cloth  Bound 
Price  $4.00 

WHAT  IS  SAID  OF  THIS  BOOK: 

"Your  Twentieth  Century  Book  of  Recipes.  Formulas,  and  Processes  duly  received. 
I  am  glad  to  have  a  copy  of  it.  and  if  I  could  not  replace  it.  money  couldn't  buy  it.  It 
Is  the  best  thing  of  thu  sort  I  ever  saw."     (.Signed)  M.  E.  Tittrx.  Sparta,  Wis. 

"  There  are  few  persons  who  would  not  be  able  to  find  In  the  book  some  single  formula 
that  would  repay  several  times  the  cost  of  the  book."  —  Merchants'  Record  and  Sh<yw 
Window. 

"  I  purchased  your  book  *  Henley's  Twentieth  Century  Book  of  Recipes.  Formulas  and 
Processes"  about  a  year  ago  and  It  is  worth  its  weight  in  gold." — W«.  H.  Murray. 
Bennington.  Vt. 

THE  BOOK  WORTH  THREE  HUNDRED  DOLLARS" 

"On  close  examination  of  your  'Twentieth  Century  Receipt  Book,'  I  And  it  to  be  a 
very  valuable  and  useful  »>ook  with  the  very  lxwt  of  practical  information  obtainable. 
The  price  of  the  l>ook.  $3.00.  Is  very  small  in  comparison  to  the  benefits  which  one  can 
obtain  from  It.    1  consider  the  book  worth  fully  three  hundred  dollars  to  anyone." 

— Du.  A.  C.  Spettsj,  New  York. 


"ONE  OF  THE  WORLD  S  MOST  USEFUL  BOOKS 


tt 


"Some  time  ago.  I  got  one  of  your  '.Twentieth  Century  Books  of  Formulas'  and  have 
made  my  living  from  it  ever  since.     I  am  alone  since  my  husband's  death  with  two 


children  to  care  for  anil  am  trying  so  hard  to  support  them.  I  have  customers 
who  lake  from  me  Toilet  Articles  I  put  up.  following  directions  given  in  the  book, 
and  I  hav  e  found  every  one  of  them  to  be  flne."— Mrs.  J.  H.  McMaken.  West  Toledo. 
Ohio. 

RUBBER 

RUBBER  HAND  STAMPS  AND  THE  MANIPULATION  OF  INDIA  RUBBER. 

By  T.  O'Conok  Sloane. 

This  book  gives  full  details  on  all  points,  treating  In  a  concise  and  simple  manner  the 
elements  of  nearly  everything  it  Is  necessary  to  understand  for  a  commencement  in 
any  branch  of  the  India  RubUr  Manufacture.  Tho  making  of  all  kinds  of  Rubber 
Hand  Stamps.  Small  Articles  of  India  Rubber,  U.  8.  Government  Composition.  Dating 
Hand  Stamps,  the  Manipulation  of  Sheet  Rubber,  Toy  Balloons.  India  Rubber  Solu- 
tions. Cements.  Blackings,  Renovating  Varnish,  and  Treatment  for  India  Rubber 
Shoes,  etc  .  the  Hektograph  Stamp  Inks,  and  ^Ilsccllaneous  Notes,  with  a  Short 
Account  of  the  Discovery.  Collection  and  Manufacture  of  India  Rubber,  are  set  forth 
In  a  manner  designed  to  be  readily  understood,  the  explanations  being  plain  and  simple. 
Including  a  chapter  on  RuMht  Tiro  Making  and  Vulcanizing;  also  a  chapter  on  the 
uses  of  rubber  In  Surgery  and  Dentistry.  Third  revised  and  enlarged  edition.  175 
Illustrated  SI. 86 


HENLEY'S  TWENTIETH  CENTURY  BOOK  OF  RECIPES,  FORMULAS 

AND  PROCESSES.    Edited  by  Gardner  D.  Hiscox. 

Contains  upward  of  10.000  practical  receipts,  including  among  them  formulas  on 
artificial  rubber.    Cloth  Bound.    Price  *4.00 
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SAWS 

SAW  FILING  AND  MANAGEMENT  OF  SAWS.    By  Robert  Grimshaw. 

A  practical  hand-book  on  Minn,  gumming,  swaging,  hammering,  and  the  brazing  of 
band  saws,  the  speed,  work,  and  j>ower  to  run  circular  saws.  otc.  A  handy  lxx>k  for 
those  who  have  charge  of  saws,  or  for  those  mechanics  who  do  their  own  llling,  as  it  deals 
with  thu  proper  shape  and  pitches  of  saw  teeth  of  all  kinds  and  gives  many  useful  hints 
and  rules  for  gumming,  setting,  and  filing,  and  is  a  practical  aid  to  those  who  use  saws 
for  any  purpose.  Complete  tables  of  proper  shape,  pitch,  and  saw  teeth  as  well  as 
sizes  ana  number  of  teeth  of  various  saws  are  included.  Fourth  edition,  revised  and 
enlarged.    Illustrated.    Price  $1.60 

STEAM  ENGINEERING 


AMERICAN  STATIONARY  ENGINEERING.    By  W.  E.  Crane. 

This  book  begins  at  the  boiler  room  and  takes  In  the  whole  power  plant.  A  plain 
talk  on  cvery-day  work  about  engines,  boilers,  and  their  accessories.  It  is  not  intended 
to  be  scientific  or  mathematical.  All  formulas  are  in  simple  form  so  that  any  one 
understanding  plain  arithmetic  can  readily  understand  any  of  them.  The  author 
has  made  this  the  most  practical  book  in  print  ;  has  given  the  results  of  his  years  of 
experience,  and  has  included  about  all  that  has  to  dc  with  an  engine  room  or  a  power 
plant.  You  are  not  left  to  guess  at  a  single  point.  You  are  shown  clearly  what  to 
expect  under  tho  various  conditions:  how  to  secure  the  best  results;  ways  of  prevent- 
ing '•shut  downs"  and  repairs;  in  short,  all  that  goes  to  make  up  the  requirements 
of  a  good  engineer,  capable  of  taking  charge  of  a  plant.  It's  plain  enough  for  practical 
men  and  yet  of  value  to  those  high  in  the  profession. 

A  partial  list  of  contents  is:  Tho  boiler  room,  cleaning  boilers,  firing,  feeding;  pumps, 
inspection  and  repair;  chimneys,  sizes  and  cast;  piping;  mason  work;  foundations; 
testing  cement;  pile  driving:  engines,  slow  and  nigh  speed;  valves;  valve  setting; 
Corliss  engines,  setting  valves,  single  and  double  eccentric;  air  pumps  and  condensers; 
different  types  of  condensers;  water  needed;  lining  up;  pounds;  pins  not  square  in 
crosshead  or  crank;  engineers'  tools;  pistons  and  piston  rings;  bearing  metal;  hard- 
ened copper;  drip  pipes  from  cylinder  jackets;  belts,  how  made,  care  of;  oils;  greases; 
testing  lubricants;  rules  and  tables.  Including  steam  tables;  areas  of  segments; 
squares  and  square  roots;  cubes  and  cube  root;  areas  and  circumferences  of  circles. 
?<otes  on:  Brick  work;  explosions;  pumps;  pump  valves;  heaters,  economizers; 
safety  valves;  lap.  lead,  and  clearance.  Has  a  complete  examination  for  a  license, 
etc..  etc.    Second  edition.   285  pages.    Illustrated.    Price  $2.60 

ENGINE  RUNNER'S  CATECHISM.    By  Robert  Grimshaw. 

A  practical  treatise  for  the  stationary  engineer,  telling  how  to  erect,  adjust,  and  run 
the  principal  steam  engines  in  use  in  tho  United  States.  Describing  the  principal 
features  of  various  special  and  well-known  makes  of  engines:  Temper  Cut-off,  Shipping 
and  Receiving  Foundations.  Kreeting  and  Starting,  Valve  Setting,  Care  and  Use, 
Emergencies.  Erecting  and  Adjusting  Special  Engines. 

The  questions  asked  throughout  the  catechism  are  plain  and  to  the  point,  and  the 
answers  are  given  In  such  simple  language  as  to  be  readily  understood  by  anyone.  All 
the  instructions  given  are  complete  and  u|>-to-dato:  and  they  are  written  in  a  popular 
style,  without  any  technicalities  or  mathematical  formula*.  Tho  work  is  of  a  handy 
size  for  tho  pocket,  clearly  and  well  printed,  nicely  bound,  and  profusely  illustrated. 

To  young  engineers  this  catechism  will  be  of  great  value,  especially  to  those  who  may 
bo  preparing  to  go  forward  to  bo  examined  for  certificate*!  of  competency;  and  to 
engineers  generally  It  will  be  of  no  little  service.  M  they  will  find  in  this  volume  more 
really  practical  and  useful  Information  than  is  to  bo  found  anywhere  else  within  a  like 
compass.    3*7  pages.    Seventh  edition.    Price  $2.00 

HORSE-POWER  CHART. 

Shows  the  horse-power  of  any  stationary  engino  without  calculation.  No  matter  what 
the  cylinder  diameter  of  stroke,  tho  steam  pressure  of  cut-off.  tho  revolutions,  or 
whether  condensing  or  non-condeming,  it's  all  there.  Easy  to  use.  accurate,  and 
saves  time  and  calculations.    Especially  useful  to  engineers  and  designers.    50  cents 
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MODERN  STEAM  ENGINEERING  IN  THEORY  AND  PRACTICE.  By 

Gardner  D.  IIiscox. 

This  Is  a  complete  and  practical  work  issued  for  Stationary  Engineers  and  - 
dealing  with  the  care  and  management  of  boilers,  engines,  pumps,  superheated  - 
refrigerating  machinery,  dynamos,  motors,  elevators,  air  compressors,  and  all 
branches  with  which  the  modern  engineer  must  be  familiar.  Nearly  200  questions  with 
their  answers  on  steam  and  electrical  engineering,  likely  to  be  asked  by  the  Examin- 
ing Board,  are  included. 

Anions  the  chapters  are:  Historical:  steam  and  its  properties;  appliances  for  the 
generation  of  steam;  types  of  boilers;  chimney  and  its  work;  heat  economy  of  the 
feed  water;  steam  pumps  and  their  work;  incrustation  and  its  work;  steam  above 
atmospheric  pressure;  Uow  of  steam  from  nozzles:  superheated  steam  and  its  work; 
adialxatic  expansion  of  steam;  indicator  and  its  work:  steam  engine  proportions;  slide 
valve  engines  and  valve  motion:  Corliss  engine  and  its  valve  gear:  compound  engine 
and  its  theory;  triple  and  multiple  expansion  engine;  steam  turbine,  refrigeration; 
elevators  and  their  management:  cost  of  power;  steam  engine  troubles;  electric 
power  and  electric  plants.    4S7  pages.    405  engravings.    3d  Edition.  .    .    .  $3.50 

STEAM  ENGINE  CATECHISM.    By  Robert  Grimshaw. 

This  unique  volume  of  413  pages  is  not  only  a  catechism  on  the  question  and  answer 
principle,  but  it  contains  formulas  and  worked-out  answers  for  all  the  Swam  problems 
that  appertain  to  the  operation  and  management  of  the  Steam  Engine.  Illustrations 
or  various  valves  and  valve  gear  with  their  principles  of  operation  are  given.  Thirty- 
four  Tables  that  are  indispensable  to  every  engineer  and  fireman  that  wishes  to  bo 
progressive  and  is  ambitious  to  become  master  of  his  calling  are  within  its  pages.  It  is 
a  most  valuable  instructor  in  the  service  of  Steam  Engineering.  Leading  engineers 
have  recommended  it  as  a  valuable  educator  for  the  beginner  as  well  as  a  reference  txx>k 
for  the  engineer.  It  is  thoroughly  indexed  for  every  detail.  Every  essential  question 
on  the  Steam  Engine  with  its  answer  is  contained  in  this  valuable  work.  Sixteenth 
edition.    Price  $2.00 

STEAM  ENGINEER'S  ARITHMETIC.    By  Colvin-Cheney. 

A  practical  pocket-lxwk  for  the  steam  engineer.  Shows  how  to  work  the  problems  of 
the  engine  room  and  shows  "why."  Tells  how  to  figure  horsepower  of  engines  and 
l>oilers;  area  of  Imilers;  has  tables  of  an  as  and  circumferences:  steam  tables;  has  a 
dictionary  of  engineering  terms.  Puts  you  on  to  all  of  tho  little  kinks  in  figuring  what- 
ever there  is  to  figure  around  a  power  plant.  Tells  you  about  the  heat  unit :  absolute 
zero:  adiahatic  expansion:  duty  of  engines;  factor  of  safety;  and  a  thousand  and  one 
other  things;  and  everything  is  plain  and  simple— not  the  hardest  way  to  figure,  but 
the  easiest.    Second  Edition  75  cents 

STEAM  ENGINE  TROUBLES.   By  H  Hamkens. 

It  is  safe  to  say  that  no  book  has  ever  been  published  which  gives  the  practical  en- 
gineer such  valuable  and  comprehensive  information  on  steam  engine  design  and 
troubles.  There  are  descriptions  of  cylinders,  valves,  pistons,  frames,  pillow  blocks 
and  other  bearings,  connecting  rods,  wrist  plates,  dashpots,  reachrods.  valve  gears, 
governors,  piping,  throttle,  and  emergency  valves,  safety  stops,  flywheels,  oilers, 
etc.  If  there  is  any  trouble  with  these  parts,  the  book  gives  you  the  reasons  and 
tells  how  to  remedy  them.    350  pages.    276  illustrations.    Price  ....  $2.50 

BOILER  ROOM  CHART.    By  Geo.  L.  Fowler. 

A  chart— size  14  x  28  inches— showing  in  isometric  perspective  the  mechanism  be- 
longing in  a  modern  boiler  room.  The  various  parts  are  shown  broken  or  removed, 
so  that  the  internal  construction  is  fully  illustrated.  Each  part  is  given  a  reference 
number,  and  these,  with  the  corresponding  name,  are  given  in  a  glossary  printed 
at  the  sides.    Price  26  cents 

STEAM  HEATING  AND  VENTILATION 

PRACTICAL  STEAM,  HOT-WATER  HEATING  AND  VENTILATION.  By 

A.  G.  Kino. 

This  book  is  the  standard  and  latest  work  published  on  the  subject  and  has  been  pre- 
pared for  the  use  of  all  engaged  in  the  business  of  steam,  hot-water  heating,  and  vent  na- 
tion. It  is  an  original  and  exhaustive  work.  Tells  how  to  get  heating  contracts,  how 
to  install  heating  and  ventilating  apparatus,  the  best  business  methods  to  be  used. 
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